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(54) Ink jet recording head and method of manufacturing the same 



(57) An ink jet recording head that is capable of 
avoiding damages due to cavitation of an electrothermal 
converting element and thus extending its life is provid- 
ed. The ink jet recording head comprises a plurality of 
ink discharge ports; a plurality of electrothermal convert- 
ing elements provided to be associated with each of the 
ink discharge ports, respectively, a plurality of pressure 



chambers for containing the electrothermal converting 
elements; a common liquid chamber; and a plurality of 
ink flow paths for communicating the pressure cham- 
bers with the common liquid chamber. The ink flow paths 
are arranged such that central lines in a direction of ink 
supply to the pressure chambers are positioned offset 
from central lines of the electrothermal converting ele- 
ments in the same direction. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to an ink jet recording head, which is used in a recording apparatus for dis- 
charging recording liquid such as ink from a discharge port to form liquid droplets and perform recording operation, 
and a method of manufacturing the same. Incidentally, the ink jet recording head of the present invention can be applied 
10 to an apparatus such as a copying machine, a facsimile machine having a communication system and a wordprocessor 
having a printing unit in addition to a general printing apparatus, and further to an industrial recording apparatus that 
is compositely combined with various processing apparatuses. 



15 



50 



Related Background Art 



[0002] An ink jet recording apparatus is a recording apparatus of a so-called non-impact recording system and has 
a characteristic that it generates little noise at the time of printing and is capable of performing high-speed recording 
and recording on various recording media. Thus, the ink jet recording apparatus is widely employed as an apparatus 
for b aring a recording mechanism for a printer, a copying machine, a facsimile machine, a wordprocessor and the like. 

20 [0003] As a representative ink discharge method in a recording head that is mounted in such an ink jet recording 
apparatus, there are known a method using an electromechanical transducing body such as a piezoelectric element, 
a method of irradiating an electromagnetic wave such as laser to cause ink to heat and discharging ink droplets by an 
action of the heating, a method of heating ink by an electrothermal conversion element having a heating resistor and 
discharging ink droplets by an action of film boiling, or the like. 

25 [0004] Among these methods, the ink jet recording head using an electrothermal conversion element has an elec- 
trothermal conversion element provided in a recording liquid chamber, supplies an electric pulse being a recording 
signal to the element to cause it to heat, thereby giving thermal energy to ink, and utilizes a bubble pressure at the 
time of bubbling (boiling) of recording liquid caused then by phase change of the recording liquid to discharge ink liquid 
from a micro discharge port and record an image on a medium to be recorded. The ink jet recording head using an 

30 electrothermal conversion element generally includes a nozzle in which a discharge port for discharging ink droplets 
is opened, and an ink flow path and a common liquid chamber for supplying ink to this nozzle. 

[0005] Such an ink jet recording head is usually mounted on a carriage of a recording apparatus main body. The 
recording apparatus main body includes conveying means for conveying a medium to be recorded such that it passes 
a position opposing a discharge port surface of the ink jet recording head mounted on the carriage. The carriage is 
35 configured to be movable in a direction perpendicular to a direction of conveying a medium to be recorded. 

[0006] A recording operation in such a recording apparatus is performed by repeating main scanning for discharging 
ink at a predetermined period while moving the ink jet recording head and sub-scanning for conveying a medium to 
be recorded by a predetermined length. 

[0007] Figs. 45A and 45B are schematic views showing a nozzle part of a conventional ink jet recording head. Fig. 
40 45A is a plan view showing a discharge port forming member in a transparent state and Fig. 45B is a sectional view 

cut along the line 45B - 45B of Fig. 45A. Reference symbol G denotes a central line of an ink flow path. 

[0008] The ink jet recording head shown in Figs. 45A and 45B includes a common liquid chamber 1 54 connected to 

an ink supply port 156. On both sides of the common liquid chamber 154, a plurality of electrothermal conversion 

elements 1 51 for causing ink to bubble to discharge the ink and a plurality of circular pressure chambers 1 55 having 
45 centers in common with the electrothermal conversion elements 151 are provided side by side. An ink flow path 153 

is provided between the common liquid chamber 1 54 and each pressure chamber 1 55. A discharge port 1 52 is opened 

in a position opposing each electrothermal conversion element 151 . 

[0009] In this ink jet recording head, positions in a printing direction (carriage moving direction) of sets of the discharge 
port 152 and the electrothermal conversion element 151 that are adjacent to each other are shifted from one another 
by an offset equivalent to a distance that a carriage (not shown) moves during a lagged time of driving timing between 
each driving block. For simplicity of illustration, in Figs. 45A and 45B, an ink jet recording head in which four driving 
blocks are allocated to each nozzle is shown, and an arrangement of the discharge port 152 in a printing direction 
periodically changes for every four nozzles in a direction of a row of discharge openings. 

[0010] Then, if numbers are given to the driving blocks in the ascending order from the one to be driven first, in the 
55 example shown in Figs. 45A and 45B, a driving block 1 is allocated to the discharge port 152 at the upper right and 
the discharge port 152 apart from it by the number of nozzles of integer times of four, a driving block 2 is allocated to 
the discharge ports 152 on the left of them, a driving block 3 is allocated to the discharge ports 152 on the left of the 
driving block 2, and a driving block 4 is allocated to the discharge ports 152 on the left of the driving block 3. With such 
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a configuration, the driving blocks 1 to 4 ar s quentially driven in the ascending order, whereby it becomes possible 
to discharge ink and cause the ink discharged from these discharge ports 152 to be applied on a recording medium in 
one row. 

[0011] In a nozzle of the configuration shown in Figs. 45A and 45B, sine a central line of an ink flow path 163 and 
5 a central line of the electrothermal conversion element 151 coincide with each other, a flow of ink heading to the 
pressure chamber 1 55 from the common liquid chamber 1 54 through the ink flow path 1 63 is generated in line symmetry 
with respect to the central line of the el ectrot hernial conversion element 1 51 . Thus, bubbles generated by heating the 
ink by the electrothermal conversion element 151 disappear steadily on the electrothermal conversion element 151 in 
symmetry with respect to its central line. Although bubble disappearance positions are dispersed to comers (four cor- 
10 ners in total) of a heating area of the electrothermal conversion element 1 51 in some cases, each bubble disappearance 
position is fixed even in such cases. 

[0012] When the bubbles disappear, an impact force due to collapse of cavitation is generated. In the nozzle structure 
in which bubble disappearance positions are stable as in the above-mentioned conventional art, since a specific part 
of the electrothermal conversion element 151 is subject to an impact force due to the collapse of cavitation, the elec- 
ts trothermal conversion element 151 is susceptible to damages and hense its durable life is shortened. 

SUMMARY OF THE INVENTION 

[0013] The present invention has been devised in view of the above-mentioned drawbacks of the prior art, and it is 
20 an object of the present invention to provide an ink jet recording head that is capable of avoiding damages due to 
cavitation of an electrothermal conversion element and thus extending its life. 

[0014] In orderto attain the above-mentioned object, an ink jet recording head according to the present invention is 
an ink jet recording head comprising: a plurality of ink discharge ports for discharging ink; a plurality of electrothermal 
conversion elements that are provided to be associated with each of the ink discharge ports, respectively, for bubbling 

25 and discharging the ink; a plurality of pressure chambers for containing the electrothermal conversion elements and 
providing spaces for heating and bubbling the ink; a common liquid chamber for supplying ink to the plurality of pressure 
chambers; and a plurality of ink flow paths for communicating the pressure chambers with the common liquid chamber, 
which is characterized in that the ink flow paths are arranged such that central lines in a direction of ink supply to the 
pressure chambers are offset from central lines of the electrothermal conversion elements in the same direction. 

30 [0015] According to this configuration, when bubbles for discharging ink are caused to disappear the bubbles are 
washed to a position deviating to sides of the electrothermal conversion element by a flow of the ink refill upon the 
bubble disappearance. Thus, final bubble disappearance can be performed in this position and an adverse influence 
on the electrothermal conversion element due to cavitation at the time of bubble disappearance can be reduced. 
[0016] In particular, in an ink jet recording head having pressure chambers of a substantially cylindrical shape, an 

35 ink flow path is arranged in a position offset from a central line of an electrothermal conversion element, whereby final 
bubble disappearance can take place in a relatively wide area extending vertically in the vicinity of side edges of the 
pressure chamber to thereby disperse areas of cavitation generation to reduce the influence of cavitation. 
[0017] Moreover, an ink discharge port is arranged such that its center is positioned offset from the center of the 
electrothermal conversion element, whereby a direction of a velocity vector at the time when ink, which remains between 

40 the discharge port and a bubble after the bubbling and discharging an ink droplet from the discharge port (hereinafter 
referred to as ink on the discharge port side), moves toward the electrothermal conversion element following contraction 
of a bubble at the time of bubble disappearance can be fluctuated unstably or the velocity vector may be slanted with 
respect to the electrothermal conversion element rather than being perpendicular thereto. Moreover, it becomes pos- 
sible to cover a portion on which the ink on the discharge port side collides against the electrothermal conversion 

45 element by ink flowing in from the common liquid chamber side (hereinafter referred to as ink on the liquid chamber 
side) before the ink on the discharge port side collides against the electrothermal conversion element. 
[0018] As a result, the bubble disappearance process ends without the ink on the discharge port side vertically 
colliding against a part of the electrothermal conversion element intensively. Therefore, the electrothermal conversion 
element is not subject to a strong impact force in the bubble disappearance process and is hardly susceptible to dam- 

50 ages. As a result, it becomes possible to remarkably improve durability performance of the electrothermal conversion 
element. 

[0019] In addition, the ink jet recording head may have a configuration in which the center of the ink discharge port 
is arranged at a position offset to the ink flow path side from the center of the electrothermal conversion element. Thus, 
a direction of a velocity vector at the time when the ink on the discharge port side moves toward the electrothermal 
55 conversion element following contraction of a bubble at the time of bubble disappearance can be fluctuated unstably 
or the velocity vector may be made to be slanted with respect to the electrothermal conversion element rather than 
being perpendicular thereto. Moreover, it becomes possible to cover a portion on which the ink on the discharge port 
side collides against the electrothermal conversion element by the ink on the liquid chamber side flowing in from the 
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common liquid chamber side before the ink on the discharge port side collides against th electrothermal conversion 
element. 

[0020] Furthermore, it is preferable that the ink jet recording head has a configuration in which an amount of offset 
in the ink discharge port is 1 to 10 um. More preferably, the amount of offset is 3 to 7 u,m. 

5 [0021] In addition, the ink jet recording head may have a configuration in which the center of the electrothermal 
conversion element is arranged to be positioned offset from the center of the pressure chamber. Thus, it becomes 
possible to set an offset amount between the center of the discharge port and the center of the electrothermal conversion 
elem nt large while holding an offset amount of the center of the discharge port form the center of the pressure chamber 
small. As a result, a discharge direction of ink liquid droplets is maintained appropriately and a bubble collection gen- 

10 erated in the pressure chamber is suppressed, whereby it becomes possible to prevent an ink accumulation from being 
formed on an outside surface in the vicinity of the discharge port and to keep a grade of a recorded image high. 
[0022] In the ink jet recording head of the present invention, a bubble tends to be driven to the outside of an edge 
of a part of the ink discharge port communicating to the pressure chamber in the bubble disappearance process. Thus, 
it is also preferable that the ink jet recording head has a configuration in which an area occupied by the electrothermal 

15 conversion element is included in an area surrounded by the edge of the part of the ink discharge port communicating 
to the pressure chamber when it is viewed on a plane parallel with the surface of the pressure chamber to which the 
ink discharge port communicates. That is, with such a configuration, a bubble disappearance can occur in an area 
outside the electrothermal conversion element more surely and the influence of cavitation on the electrothermal con- 
v rsion element can be further reduced. 

20 [0023] In the case of this configuration, it is preferable to provide a taper on the side surface of the ink discharge 
port such that the cross section area increases toward the pressure chamber side. In this way, the area occupied by 
the electrothermal conversion element can be included in the area surrounded by the edge of the part of the ink dis- 
charge port communicating to the pressure chamber while holding a size of an opening on an ink discharge surface 
of the ink discharge port small as desired. 

25 [0024] Moreover, if the ink discharge port has a taper as described above, it is preferable that a distance from the 
dg of the opening on the ink discharge surface side of the ink discharge port to the edge of the electrothermal 
conversion element is substantially equal at an arbitrary position in a part where the area occupied by the electrothermal 
conversion element goes over the edge of the opening on the ink discharge surface side of the ink discharge port when 
it is viewed on a plane parallel to a surface of the pressure chamber to which the ink discharge port communicates. In 

30 this way, a taper angle can be minimized. 

[0025] In addition, if the center of the ink discharge port is arranged to be positioned offset from the center of the 
electrothermal conversion element, the ink discharge port preferably has a shape long in the direction offset from the 
electrothermal conversion element. In this case, the ink discharge port may be any of rectangular, ellipse or oval shape. 
In this way, the area occupied by the electrothermal conversion element can be included in the area surrounded by 

35 the edge of the part of the ink discharge port communicating to the pressure chamber while holding the size of the ink 
discharge port or its taper angle minimum. 

[0026] In addition, the ink discharge port preferably has a shape long in the direction in which wiring for supplying 
electric power to the electrothermal conversion element is connected. In this case, the ink discharge port may be any 
of rectangular, ellipse or oval shape. According to this configuration , a connection part of the electrothermal conversion 

40 element and the wiring can be included in the area surrounded by the edge of the part of the ink discharge port com- 
municating to the pressure chamber. Therefore, the influence of cavitation on the connection part can be reduced. 
[0027] In addition, it is preferable that the ink jet recording head has a configuration in which the offset direction of 
the ink flow path from the central line of the electrothermal conversion element is the same for the plurality of ink flow 
paths arranged in one row. With this configuration, even if a position of formation of a member forming the ink flow 

45 path and the pressure chamber deviates from its original position due to production variance, a relative position of the 
ink flow path with respect to the electrothermal conversion element and the discharge port deviates similarly for any 
of a plurality of nozzles, whereby it becomes possible to make deviation not to occur in the ink discharge amount or 
the ink discharge direction among the plurality of nozzles and to make adverse influence on a formed image not to 
occur so frequently. 

so [0028] Similarly, it is preferable that the ink jet recording head has a configuration in which the ink flow path is formed 
in two rows side by side, opposingly on both sides of the common liquid chamber and the offset direction of the ink 
flow path belonging to the opposing ink flow path rows from the central line of the electrothermal conversion element 
is line symmetry with respect to a line parallel with a row direction of the opposing ink flow path rows. 
[0029] In addition, in the ink j t recording head of the present invention, a flow resistance is made substantially equal 

55 in the plurality of ink flow paths with different lengths, whereby a refill property of the plurality of ink flow paths can be 
made substantially the same. 

[0030] It is desirable to keep a difference of the flow resistances in the plurality of ink flow paths within 10% such 
that a satisfactory image with substantially no unevenness of density can be formed by making the refill property of 
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the plurality of ink flow paths substantially th same and making a discharge amount of ink from the plurality of nozzles 
substantially equal at the time when ink is continuously discharged at a predetermined frequency. 
[0031] The flow resistance of the plurality of ink flow paths with different lengths can be made substantially equal as 
described above by varying cross section areas of the plurality of ink flow paths with different lengths. In order to change 
5 the cross section areas of the ink flow paths, it is sufficient to change widths or heights of the ink flow paths or provide 
a rib in at least any one of the plurality of ink flow paths. 

[0032] In the ink jet recording head of the present invention, if an area, in which a flow resistance per a unit length 
is smaller than the flow resistance of an area in the discharge port side of the ink flow path, is provided in an area on 
the common liquid chamber side of the ink flow path, even if a width of the common liquid chamber or the like deviates 

io from an original width due to production variance, it is possible to make the flow resistances of the plurality of ink flow 
paths substantially equal. That is, since the flow resistance of the entire ink flow path is a sum of the flow resistance 
of each part, the flow resistance of the ink flow path is generally determined by the flow resistance of an area on the 
discharge port side where the flow resistance is relatively large. Thus, even if a length of the ink flow path of the common 
liquid chamber having a relatively small flow resistance changes a little, the flow resistance of the entire ink flow path 

15 hardly changes. 

[0033] The above-mentioned ink jet recording head with different lengths of the plurality of ink flow paths, in particular, 
allocates an electrothermal conversion element to a plurality of driving blocks and drives the electrothermal conversion 
element at timing staggered for each driving block. Thus, the ink jet recording head is typically used as an ink jet 
r cording head in which the plurality of ink discharge ports are arranged offset in a printing direction, and the present 
20 invention can be preferably applicable to such an ink jet recording head. 

[0034] A method of manufacturing an ink jet recording head according to the present invention is characterized by 
having a step for finding a flow resistance R of an ink flow path by expressions shown below and determining a shape 
of the ink flow path such that the flow resistances are equal in the plurality of ink flow paths based on the obtained flow 
resistance; 

25 
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D(x)= 12.0 x 



0.33 + 1.02* 



UW a{x) 
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55 



where, 

x is a distance from the common liquid chamber; 

S(x) is a cross section area of the ink flow path in a position of the distance x; 

D(x) is a cross section coefficient of the ink flow path in the position of the distance x; 

a(x) is a height of the ink flow path in the position of the distance x; 

b(x) is a width of the ink flow path in the position of the distance x; and 

T| is an ink viscosity. 

[0035] In addition, the method of manufacturing the ink jet recording head in accordance with the present invention 
may find the flow resistance R of the ink flow path by expressions shown below: 
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f 



D(x„)= 12.0x 0.33 + 1.02 x 



where, 



k is the number of division of the ink flow path; 

xn is a distance to an nth divided position when the ink flow path is divided into k parts; 

S(xn) is a cross section area of the ink flow path in the position of the distance xn from the common liquid chamber; 
D(xn) is a cross section coefficient of the ink flow path in the position of the distance xn from the common liquid 
chamber; 

a(xn) is a height of the ink flow path in the position of the distance xn from the common liquid chamber; 
b(xn) is a width of the ink flow path in the position of the distance xn from the common liquid chamber; and 
T) is an ink viscosity. 

[0036] In this case, it is preferable that the multiplications and the additions are performed along a path in which a 
main flow of ink is generated and S(x), S(xn), D(x) and D(xn) are obtained on a cross section perpendicular to the path. 
[0037] Moreover, it is preferable to perform the multiplications and the additions over the path from the common 
liquid chamber to the center of the electrothermal conversion element. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] The accompanying drawings, which are incorporated in and constitute a part of the specification, illustrate 
embodiments of the invention and, together with the description, serve to explain the principles of the invention, in which: 

Figs. 1A, 1B and 1C are schematic views of a nozzle portion of an ink jet recording head of a first reference 
example, wherein Fig. 1A is a plan view showing a discharge port forming member in its removed state, Fig. 1B 
is a plan view of the discharge port forming member viewed from above it, and Fig. 1 C is a sectional view cut along 
the line 1C- 1C of Fig. 1A; 

Figs. 2A, 2B and 2C are schematic views of a nozzle portion of an ink jet recording head of a second reference 
example, wherein Fig. 2A is a plan view showing a discharge port forming member in its removed state, Fig. 2B 
is a plan view of the discharge port forming member viewed from above it and Fig. 2C is a sectional view cut along 
the line 2C - 2C of Fig. 2A; 

Figs. 3A, 3B, and 3C are schematic views of a nozzle portion of an ink jet recording head of a third reference 
example, wherein Fig. 3A is a plan view showing a discharge port forming member in its removed state, Fig. 3B 
is a plan view of the discharge port forming member viewed from above it and Fig. 3C is a sectional view cut along 
the line 3C - 3C of Fig. 3A; 

Figs. 4A and 4B are schematic views of a nozzle portion of an ink jet recording head of a first embodiment of the 
present invention, wherein Fig. 4A is a plan view showing a discharge port forming member in a state it is looked 
through and Fig. 4B is a sectional view cut along the line 4B - 4B of Fig. 4A; 

Figs. 5A, 5B, 5C, 5D, 5E and 5F are plan views of the nozzle portion of the ink jet recording head of Figs. 4A and 
4B and show a bubble disappearance process schematically; 

Fig. 6 is a schematic plan view of the nozzle portion of the ink jet recording head of Figs. 4A and 4B and shows 
an arrangement of a plurality of nozzles; 

Fig. 7 is a plan view of the nozzle portion of the ink jet recording head of Figs. 4A and 4B and shows a method of 
finding a flow resistance schematically; 

Fig. 8A is a plan view of the entire nozzle portion of the ink jet recording head of Figs. 4A and 4B; 
Fig. 8B is an enlarged view of the part 8B in Fig. 8A; 

Figs. 9A and 9B are plan views of the nozzle portion of the ink jet recording head of Figs. 4A and 4B and show a 
state in which deviation is generated in a forming position of a nozzle forming member; 

Figs. 1 0A and 1 0B are schematic views showing a nozzle portion in accordance with a second embodiment of the 
ink jet recording head of the present invention; 

Figs. 11 A, 11B, 11C, 11 D and 11 E are views showing a bubble disappearance process of a bubble after an ink 

liquid droplet is discharged from the nozzle of the ink jet recording head shown in Figs. 1 0A and 10B; 

Figs. 12A V 12A2, 12B 1t 12B2, 12C 1 and 12C 2 are views showing a cross section of the nozzle in each transition 
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state extracted from the bubbl disappearance process shown in Figs. 11 A to 11C; 

Figs. 13A 1( 13B 1f 13A2, 13B 2 , 13A 3 and 13B 3 are views showing a bubble disappearance process of an ink jet 
recording head of a comparative example with respect to the second embodiment, wherein Figs. 13A-,, 13A 2 and 
13A3 are plan views showing a discharge port forming member in a state in which it is looked through and Figs. 
5 13B 1? 13B 2 and 13B 3 are sectional views cut along the lines 13B., - 13B.,, 13B 2 - 13B 2 and 13B 3 - 13B 3 of Figs. 

13A 1: 13A 2 and 13A 3 ; 

Figs. 14A 1t 14B-,, 14A 2 , 14B 2j 14A 3 and ^4B 3 are views showing an ink discharge process of the ink jet recording 
head of the comparative example with respect to the second embodiment, wherein Figs. 14A 1} 14A 2 and 14A 3 are 
plan views showing the discharge port forming member in a state it is looked through and Figs. 14B 1f 14B 2 and 
10 1 4B3 are sectional views cut along the lines 1 4B 1 - 1 4B 1 , 1 4B 2 - 1 4B 2 and 1 4B 3 - 1 4B 3 of Figs. 1 4A 1 , 1 4A 2 and 1 4A 3 ; 

Figs. 15A, 15B, 15C, 15D, 15E and 15F are plan views showing a bubble disappearance process of a modified 
example of the second embodiment of the ink jet recording head of the present invention and showing a discharge 
port forming member in a state in which it is looked through; 

Figs. 16A ; 16B, 16C, 16D and 16E are sectional views cut along the line XVI - XVI of Fig. 15C and showing the 

15 same bubble disappearance process as in Figs. 15A to 15F; 

Pig. 1 7A 1 . 1 7B 1 . 1 7A 2: 1 7B 2; 1 7A 3 and 1 7B 3 are views showing the ink discharge process in the ink jet recording 
head in Figs. 15A to 15F ? wherein Figs. 17A.,, 17A 2 and 17A 3 are plan views showing the discharge port forming 
member in a state in which it is looked through and Figs. 1 7B T , 17B 2 and 1 7B 3 are sectional views cut along the 
lines 17B 1 - 17B 1? 17B2 - 17B 2 and 17B3- 17Bs of Figs. 17A 1? 17A 2 and 1 7A 3 ; 

20 Figs. 1BA and 1 BB are schematic views showing a nozzle portion in accordance with a third embodiment of the 

ink jet recording head of the present invention; 

Figs. 19A 1; 19A 2: 19B V 19B 2 , 19C 1 and 19C 2 are views showing a bubble disappearance process of a bubble 

after an ink liquid droplet is discharged from the nozzle of the ink jet recording head shown in Figs. 18A and 18B; 

Figs. 20At , 20B, , 20^, 20B 2 , 20A 3 and 20B 3 are schematic views showing an ink discharge process of the ink 
25 jet recording head shown in Figs. 18A and 18B, wherein Figs. 20A 1} 20A 2 and 20A 3 are plan views showing a 

discharge port forming member in a state in which it is looked through and Figs. 20B 1 , 20B2 and 20B 3 are sectional 

views cut along the lines 20B A - 20B 1( 20B 2 - 20B 2 and 20B 3 - 20B 3 of Figs. 20A-,, 20A 2 and 20A 3 ; 

Figs. 21 A : 21 B and 21 C are schematic views showing a nozzle portion in accordance with a fourth embodiment 

of the ink jet recording head of the present invention; 
30 Figs. 22A and 22B are schematic views showing a nozzle portion in accordance with a fifth embodiment of the ink 

jet recording head of the present invention; 

Figs. 23A and 23B are schematic views showing a nozzle portion in accordance with a sixth embodiment of the 
ink jet recording head of the present invention; 

Figs. 24A, 24B, 24C, 24D, 24E and 24F are plan views showing a bubble disappearance process of the ink jet 
35 recording head of Figs. 23A and 23B and showing a discharge port forming member in a state in which it is looked 

through; 

Figs. 25A, 25B, 25C, 25D, 25E and 25F are sectional views cut along the lines 25A - 25A, 25B - 25B, 25C - 25C, 
25D - 25D, 25E - 25E and 25F - 25F, respectively of Figs. 24A to 24F and showing the bubble disappearance 
process of the ink jet recording head of Figs. 23A and 23B; 
40 Figs. 26A and 26B are schematic views showing a nozzle portion in accordance with a seventh embodiment of 

the ink jet recording head of the present invention; 

Figs. 27A, 27B and 27C are schematic views showing a nozzle portion in accordance with an eighth embodiment 
of the ink jet recording head of the present invention; 

Fig. 28A is a perspective view of a preferred recording head cartridge on which the ink jet recording head of the 
45 present invention can be mounted; 

Fig. 28B is a disassembled perspective view of the head cartridge shown in Fig. 28A; 

Fig. 29 is a disassembled perspective view showing a configuration of the ink jet recording head shown in Figs. 
28A and 28B; 

Fig. 30 is a disassembled perspective view showing the ink jet recording head shown in Figs. 28A and 28B in a 
so state in which it is further disassembled; 

Fig. 31 is a partly cut-away illustrative perspective view showing a configuration of a recording element substrate 
of the recording head cartridge of Figs. 28A and 28B; 

Fig. 32 is a partly cut-away illustrative perspective view showing a configuration of another recording element 
substrate of the recording head cartridge of Figs. 28A and 28B; 
55 Fig. 33 is a main part sectional view of the recording head cartridge of Figs. 28A and 28B; 

Fig. 34 is a perspective view showing an assembled recording element unit and ink supply unit of the recording 
head cartridge of Figs. 28A and 28B; 

Fig. 35 is a perspective view showing a bottom side of the recording head cartridge of Figs. 28A and 28B; 
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Fig. 36 is a schematic plan view of a preferred ink jet recording apparatus on which the recording head cartridge 
of Figs. 28A and 28B can be mounted; 

Figs. 37A, 37B and 37C are diagrams schematically showing a nozzle row, a driving signal of each nozzle and an 

ink droplet discharged from each nozzle; 
5 Fig. 38 is a schematic diagram showing a driving signal for periodically discharging an ink droplet from ail the 

nozzles and changes over time of a state on a meniscus surface when the ink droplet is discharged; 

Fig. 39 is a graph showing an average value of driving blocks used in recording to each raster in a recording 

method for allocating a plurality of driving blocks to a plurality of nozzles and recording an image by a plurality of 

times of main scanning with respect to one raster; 
10 Fig. 40 is a graph showing an average value of driving blocks used in recording to each raster in another recording 

method for allocating a plurality of driving blocks to a plurality of nozzles and recording an image by a plurality of 

times of main scanning with respect to one raster; 

Fig. 41 is a graph showing an average value of driving blocks used in recording to each raster in yet another 
recording method for allocating a plurality of driving blocks to a plurality of nozzles and recording an image by a 
15 plurality of times of main scanning with respect to one raster; 

Fig. 42 is a graph showing an average value of driving blocks used in recording to each raster in yet another 
recording method for allocating a plurality of driving blocks to a plurality of nozzles and recording an image by a 
plurality of times of main scanning with respect to one raster; 

Fig. 43 is a graph showing an average value of driving blocks used in recording to each raster in yet another 
20 recording method for allocating a plurality of driving blocks to a plurality of nozzles and recording an image by a 

plurality of times of main scanning with respect to one raster; 

Fig. 44 is a graph showing an average value of driving blocks used in recording to each raster in yet another 
recording method for allocating a plurality of driving blocks to a plurality of nozzles and recording an image by a 
plurality of times of main scanning with respect to one raster; and 
25 Figs. 45A and 45B are schematic views showing a nozzle portion of a conventional ink jet recording head. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0039] Preferred embodiments of the present invention will be hereinafter described with reference to the drawings. 
30 [0040] In addition, in the accompanying drawings, like reference numerals and reference symbols designate the 
same or similar parts throughout the figures thereof. 

(Configuration of a recording head cartridge) 

35 [0041] Figs. 28A and 28B through Fig. 35 are views illustrating relations among a preferred head cartridge, recording 
head and ink tank, respectively, in which the present invention is embodied or to which the present invention is applied. 
Each element will be described with reference to these figures. 

[0042] As it is seen from perspective views of Figs. 28A and 28B, a recording head (ink jet recording head) H1001 
of this embodiment is an element forming a recording head cartridge H1000. The recording head cartridge H1000 is 
40 composed of the recording head H1 001 and ink tanks H1 900 (H1 901 , H1 902, H1 903 and H1 904) detachably provided 
in the recording head H1 001 . The recording head H1 001 discharges ink (recording liquid), which is supplied from the 
ink tanks H1900, from a discharge port according to recording information. 

[0043] This recording head cartridge H1000 is fixedly supported by positioning means and an electric contact of a 
carriage (not shown) mounted on an ink jet recording apparatus main body and is also detachably mountable on the 
45 carriage. The ink tank HI 901 is for black ink, the ink tank H1 902 is for cyan ink, the ink tank H1 903 is for magenta ink 
and the ink tank H1904 is for yellow ink. Since each of the ink tanks H1901, H1902, H1903 and H1904 is detachably 
mountable on a sealing rubber H 1800 side with respect to the recording head H1001 and is replaceable, running costs 
of printing in an ink jet recording apparatus are reduced. 

[0044] Next, each of elements forming the recording head H1001 will be described in detail in order. 

50 

(1) Recording head 

[0045] The recording head H1 001 is a recording head of a side shooter type of a bubble jet method that records an 
image using an electrothermal conversion element (recording element) for generating thermal energy for causing film 
55 boiling in ink according to an electric signal. 

[0046] As shown in a disassembled perspective view of Fig. 29, the recording head H1 001 is composed of a recording 
element unit H1002, an ink supply unit H1003 and a tank holder H2000. 

[0047] Moreover, as shown in a disassembled perspective view of Fig. 30 : the recording element unit H1002 is 
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composed of a first recording element substrate H11O0, a second recording element substrate 1101 , a first plate (first 
supporting member) H1200, an electric wiring tape (flexible wiring substrate) H1300, an electric contact substrate 
H2200 and a second plate (second supporting member) H1400. In addition, the ink supply unit H1003 is composed of 
an ink supply member H1500, a flow path forming member H1600, a joint sealing member H2300, a filter H1700 and 
5 a sealing rubber H1 800. 

(1-1) Recording element unit (Inkjet recording head) 

[0048] Fig. 31 is a perspective view partly disassembled for illustrating a configuration of the first recording element 
10 substrate H1100. The first recording element substrate H1100 has a plurality of recording elements (electrothermal 
conversion elements) for discharging ink and an electric wiring made of Al or the like for supplying electric power to 
each electrothermal conversion element H1103 formed on one side of an Si substrate H1110 having the thickness of 
0.5 to 1 mm by a film formation technology. Further, a plurality of ink flow paths and a plurality of discharge ports H 1 1 07 
corresponding to the electrothermal conversion elements 1103 are formed by a photolithography technology, and an 
is jnk supply port H1102 for supplying ink to the plurality of ink flow paths is formed to open on the opposite side (back 
side). In addition, the recording element substrate H1100 is adhered and fixed to the first plate H1200, where the ink 
supply port 1 1 02 is formed. Moreover, the second plate H 1 400 having an opening is adhered and fixed to the first plate 
H1200. The electric wiring tape H1300 is held to be electrically connected to the recording element substrate H1100 
via the second plate H1400. This electric wiring tape H1300 is for applying an electric signal for discharging ink to the 
20 recording element substrate H1 1 00 and has an electric wiring corresponding to the recording element substrate H 1 1 00 
and an external signal input terminal H1301 that lies in this electric wiring portion and receives an electric signal from 
a printer main body. The external signal input terminal H1 301 is positioned and fixed on the back side of the ink supply 
member H1500. 

[0049] The ink supply port H1102 is formed by a method such as anisotropic etching utilizing a crystal orientation of.. 

25 Si or sandblast. That is ; if the Si substrate H111 0 has crystal orientations of <100> in the wafer surface direction and 
<111> in the thickness direction, etching can be progressed at an angle of approximately 54.7 degrees using the 
anisotropic etching by alkaline system (KOH, TMAH, hydrazine and the like). Thus, the etching is performed to a 
predetermined depth to form the ink supply port H1 1 02 consisting of a long groove-like through-hole. The electrothermal 
conversions elements H1103 are arranged in zig-zag in one row each on both the sides of the ink supply port H1102. 

30 The electrothermal conversion elements H1 1 03 and the electric wiring made of A1 or the like supplying electric power 
to the electrothermal conversion element H1103 are formed by the film formation technology. Moreover, electrodes 
H1104 for supplying electric power to the electric wiring are arranged on both outer sides of the electrothermal con- 
version elements H1103. Bumps H1105 made of Au or the like are formed on the electrodes H1104 by a thermal 
ultrasonic compression bonding method. Further, an ink flow path wall H1 106 and the discharge ports H11 07 forforming 

35 ink flow paths corresponding to the electrothermal conversion elements H11 03 are formed of a resin material by the 
photolithography technology, whereby a discharge port group H1108 is formed. Since the discharge ports H1107 are 
provided opposing the electrothermal conversion elements H1103, ink supplied from the ink supply port H1102 is dis- 
charged from the discharge ports H1107 by bubbles generated by a heating action of the electrothermal conversion 
elements H1 103. 

40 [0050] In addition, Fig. 32 is a perspective view partly disassembled for illustrating a configuration of the second 
recording element substrate H1 1 01 . The second recording element substrate H1 101 is a recording element substrate 
for discharging ink of three colors, on which three ink supply ports H1102 are formed in parallel. The electrothermal 
conversion elements H1103 and the ink discharge ports H1107 are formed on the both sides of each ink supply port 
H1102. The ink supply ports H1102, the electrothermal conversion elements H1103, an electric wiring, the electrodes 

45 H1104 and the like are formed on the Si substrate H1110 as in the first recording element substrate H1100. Ink flow 
paths and the ink discharge ports H1107 are formed of a resin material over them by the photolithography technology. 
Further, the bumps H1105 made of Au or the like are formed on the electrodes H1 104 for supplying electric power to 
the electric wiring as in the first recording element substrate H1100. 

[0051] The first plate H1200 is formed of, for example, an aluminum (Al 2 0 3 ) material having the thickness of 0.5 to 
so 10 mm. Further, a material for the first plate H1200 is not limited to aluminum and may be made of a material having 
a linear expansivity equal to that of a material for the recording element substrate H1100 and having a thermal con- 
ductivity equal to or more than that of the material for the recording element substrate H1100. A material for the first 
plate H1200 may be any of, for example, silicon (Si), aluminum nitride (AIN), zirconia, silicon nitride (Si 3 N 4 ), silicon 
carbide (SiC), molybd num (Mo) and tungsten (W). Ink communication ports H1201 for supplying black ink to the first 
55 recording element substrate H1100 and ink communication ports H1201 for supplying cyan, magenta and yellow ink 
to the second recording element substrate H1101 are formed on the first plate H1200. The ink supply ports H1102 of 
the recording element substrat s correspond to the ink communication ports H1201 of the first plate H1 200,. respec- 
tively, and the first recording element substrate H1 1 00 and the second recording element substrate H 11 01 are adhered 
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and fixed to the first plate H1200 with good positional accuracy. A first adhesive used for adhesion is desirably an 
adhesive that is low in viscosity and setting temperature, s ts in a short time, has relatively high hardness after setting 
and has ink resistance. The first adhesive is desirably a thermosetting adhesive with an epoxy resin as a main com- 
ponent, and a thickness of a first adhesive layer H1202 is desirably 50 urn or less. 

5 [0052] The electric wiring tape H1300 is for applying an electric signal for discharging ink to the first recording element 
substrate H1100 and the second recording element substrate H1101. This electric wiring tape H1300 has a plurality 
of device holes (opening) H1 and H2 for incorporating each of the recording element substrates H1100 and H1101 , 
electrode terminals H 1302 corresponding to the electrodes H1104 of each of the recording element substrates H1100 
and H1101, and an electrode terminal portion for performing electric connection with the electric contact substrate 

10 H2200 having the external signal input terminal H1 301 that lies at the end of the electric wiring tape H 1 300 and receives 
an electric signal from the printer main body apparatus. This electrode terminal portion and the electrode leads H1 302 
are connected by continuous wiring patterns of copper foil. This electric wiring tape H1300 consists of, for example, a 
flexible wiring substrate in which wiring is in two layer structure and a surface layer is covered with a resist film. In this 
case, a reinforcing plate is adhered to the back side (external side) of the external signal input terminal H1301 to 
improve planarity. As the reinforcing plate, for example, a material having heat resistance such as glass epoxy and 
aluminum of 0.5 to 2 mm thickness is used. 

[0053] The electric wiring tape H1 300, the first recording element substrate H1 1 00 and the second recording element 
substrate H1 101 are electrically connected to each other. As a method of connection, for example, the bumps H1105 
on the electrodes H11 04 of the recording element substrates and the electrode leads H1302 of the electric wiring tape 

20 H1300 are electrically joined by the thermal ultrasonic compression bonding method. 

[0054] The second plate H1400 is, for example, a sheet of a plate-like member of 0.5 to 1 mm thickness and is 
formed of, for example, ceramic such as aluminum (Al 2 0 3 ) or a metal material such as Al and SUS. However, a material 
of the second plate H1 400 is not limited to these and may be a material having a linear expansivity equal to the recording 
element substrates H1 100 and H1101 and the first plate H 1200 and having a thermal conductivity equal to or more 

25 than that of them. 

[0055] Further the second plate H1400 is formed in a shape having openings larger than the external dimensions 
of the first recording element substrate H1100 and the second recording element substrate H11 01 , respectively, that 
are adhered and fixed to the first plate H1200. In addition, the first recording element substrate H11 00 and the second 
recording element substrate H1101 are adhered to the first plate H1200 by a second adhesive layer H1203 and the 
30 back side of the electric wiring tape H1300 is adhered and fixed to the second plate H1400 by a third adhesive layer 
such that the first recording element substrate H1100 and the second recording element substrate H1101 and the 
electric wiring tape H1 300 are electrically connected two-dimensionally. 

[0056] The electrical connection part of the first recording element substrate H1 1 00 and the second recording element 
substrate H1 1 01 and the electric wiring tape H1 300 is sealed by a first sealing agent (not shown) and a second sealing 
35 agent and protected from corrosion by ink or external impacts. The first sealing agent mainly seals the back sides of 
the connecting parts of the electrode terminals H1 302 of the electric wiring tape and the bumps H11 05 of the recording 
lement substrates and the external circumference parts of the recording element substrates, and the second sealing 
agent seals the front side of the connecting parts. 

[0057] Moreover, the electric contact substrate H2200 having the external signal input terminal H1301 for receiving 
40 an electric signal from the printer main body apparatus is thermally compressed and electrically connected using an 
anisotropic conductive film or the like to the end of the electric wiring tape H1300. 

[0058] Further, the electric wiring tape H1300 is adhered to the second plate H1400 and at the same time is folded 
along one side of the first plate H1200 and one side of the second plate H1400 to be adhered to the side of the first 
plate H1200 by a third adhesive layer H1306. The second adhesive agent is preferably an adhesive agent that is low 
45 in viscosity and can form the thin second adhesive layer H1203 on a contact surface and also has ink resistance. In 
addition, the third adhesive layer H1306 is, for example, a thermosetting adhesive layer having the thickness of 100 
urn or less with an epoxy resin as a main component. 

(1-2) Ink supply unit 

so 

[0059] The ink supply member H 1 500 is, for example : formed by resin formation. For the resin formation, it is desirable 
to use a resin material with a mixture of 5 to 40% of glass filler for improving formal rigidity. 

[0060] As shown in Figs. 30 and 33, the ink supply member H1500 for detachably holding the ink tanks H1900 is a 
component of the ink supply unit H1003 for guiding ink from the ink tank H1900 to the recording element unit H1002. 
55 The flow path forming member H1 600 is ultrasonic welded to the ink supply member H1500 to form the ink flow path 
H1501 xtending from the ink tank H1900 to the first plate H1200. In addition, the filter H1700 for preventing dusts 
from ent ring from the outside is joined to a joint portion H1520, that is engaged with the ink tank H1900, by welding. 
Moreover, the sealing rubber H1 800 is attached to the join portion H1 520 in order to prevent ink from evaporating from it. 
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[0061] In addition, the ink supply member H1500 has afunction of holding the detachable ink tank H1900 and also 
has a first hold H1503 for engaging a second pawl H1910 of the ink tank H1900. 

[0062] In addition, the ink supply member H1500 is also provided with a mounting guide H1601 for guiding th 
recording head cartridge H1000 to a mounting position of a carriage of the ink jet recording apparatus main body, an 

5 engaging portion for mounting and fixing the recording head cartridge H1000 to the carriage by a head set lever, 
stopping portions H1509 in the X direction (carriage scanning direction), stopping portions H1510 in the Y direction 
(recording medium carrying direction) and stopping portions H1511 in the Z direction (ink discharging direction) for 
positioning the recording head cartridge H1000 in a predetermine mounting position of the carriage. In addition, the 
recording head cartridge H1000 has terminal fixing portions H1512 for positioning and fixing the electric contact sub- 

io strate H2200 of the recording element unit H1 002. A plurality of ribs are provided on the terminal fixing portion H1512 
and around it, whereby rigidity of a surface having the terminal fixing portion H1 512 is increased. 

(1-3) Combination of the recording element unit and the ink supply unit 

is [0063] As shown in Fig. 29 described above, the recording head H1001 is completed by combining the recording 
element unit H1 002 with the ink supply unit H1 003 and further combining them with the tank holder H2000. The com- 
bination is carried out as described below. 

[0064] In order to communicate an ink communication port of the recording element unit H1002 (the ink communi- 
cation port H1201 of the first plate H1200) and an ink communication port of the ink supply unit H1003 (the ink corn- 
20 munication port H1602 of the flow path forming member H1600) such that ink does not leak, each of these members 
are fixed by screws H2400 to be compressed and bonded each other via the joint sealing member H2300. In doing 
so, the recording element unit H1002 is accurately positioned and fixed with respect to reference positions in the X, Y 
and Z directions of the ink supply unit. 

[0065] Further, the electric contact substrate H2200 of the recording element unit H1002 is positioned and fixed to 
25 one side of the ink supply member H1500 by two terminal positioning pins H1515 and two terminal positioning holes 
H1309. As a method of fixing, the electric contact substrate H2200 is fixed, for example, by tightening the terminal 
positioning pins H1515 provided in the ink supply member H1500 and may be fixed using other fixing means. The 
combined electric contact substrate H2200 and ink supply member H1500 are shown in Fig. 34. 
[0066] Moreover, combination holes and combination portions of the ink supply member H1500 with the tank holder 
30 H2000 are fit in and combined with the tank holder H2000, whereby the recording head H1001 is completed. That is, 
a tank holder portion composed of the ink supply member H1500, the flow path forming member H1600, the filter 
H1700 and the sealing rubber H1800 and a recording element portion composed of the recording element substrates 
H1100 and H1101 , the first plate H1200, the wiring substrate H1300 and the second plate H1400 are combined by 
adhesion orthe like, whereby the recording head H1001 is configured. The completed recording head H1 001 is shown 
35 in Fig. 35. 

(2) Description of the recording head cartridge 

[0067] The above-mentioned Figs. 28A and 28B illustrate mounting of the recording head H1001 and the ink tanks 
40 H1901 , H1902, H1903 and H1904 that configure the recording head cartridge H1000. Ink of corresponding colors is 
contained inside the inktanks H1 901 , H1 902, H1 903 and H1 904. In addition, as shown in Fig. 33, an ink communication 
port H1 907 for supplying the ink in the ink tanks to the recording head H1 001 is formed in each ink tank. For example, 
when the ink tank H1901 is mounted on the recording head H1001, the ink communication port H1907 of the ink tank 
H1901 is pressurized to contact the filter H1 700 provided in the joint portion H1520 of the recording head H1001 . Then, 
45 black ink in the ink tank H1901 is supplied to the recording element substrate H1100 from the ink communication port 
H1907 via the ink flow path H1501 of the recording head H1001. 

[0068] Then, the ink is supplied to a bubbling chamber including the electrothermal conversion elements H11 03 and 
the discharge ports H1107 and discharged to a recording sheet being a medium to be recorded by thermal energy 
given to the electrothermal conversion elements H1103. 

so 

(Configuration of the ink jet recording apparatus) 

[0069] Next, a configuration of a representative ink jet recording apparatus on which the above-mentioned recording 
head cartridge is mounted will be described with reference to a schematic plan view shown in Fig. 36. 
55 [0070] The recording head cartridge H1001 is replaceably mounted on this recording apparatus while being posi- 
tioned with resp ct to the carriage 102. An lectrical connection portion for transmitting a driving signal or the like to 
the electrothermal converting lements H1 1 03 in each discharge port row via the external signal input terminal H1 301 
on the recording head cartridge H1 001 is provided in the carriage 1 02. 
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[0071] Th carriage 102 is reciprocatingly guided and supported along a guide shaft 103 that is provided in the 
apparatus main body extending in the main scanning direction. Th n, the carriage 102 is driven and its position and 
movement are controlled by a main scanning motor 1 04 via a driving mechanism such as a motor pulley 1 05, a following 
pulley 1 06 and a timing belt 1 07. The carriage 1 02 is provided with a home position sensor 1 30. Upon passing a position 
5 of a shielding plate 136 disposed in a predetermined position, the home position sensor 130 on the carriage 102 can 
sense the shielding plate 136 and detect that the carriage 102 is in the home position. 

[0072] A pick-up roller 1 31 is rotated and driven by a sheet feeding motor 135 via a gear, whereby a medium to be 
recorded 108 such as a sheet and a plastic thin plate is separated from an auto sheet feeder (hereinafter referred to 
as ASF) 1 32 one by one. Moreover, a conveying roller 1 09 is rotated and driven by an LF motor 1 34 via a gear, whereby 

10 the medium to be recorded 1 08 is conveyed through a position (printing portion) opposing to the discharge port surface 
of the recording head cartridge H1 001 . In this case, determination on whether a sheet has been supplied and confir- 
mation of head positioning in feeding a sheet are performed at the point when the medium to be recorded 108 passes 
over a paper end sensor 133. Moreover, the paper end sensor 133 is also used for detecting where the rear end of 
the medium to be recorded 1 08 actually being and finally finding a current recording position from the actual rear end. 

15 [0073] Further, the medium to be recorded 1 08 is supported by a platen (not shown) on its back to form a flat recording 
surface in a recording portion . The recording head cartridge H1 001 mounted on the carriage 1 02 is held to be in parallel 
with the medium to be recorded 108 between two pairs of conveying rollers (in Fig. 36, only one conveying roller 109 
is shown among them) such that its discharge port surface protrudes downward from the carriage 102. The head 
cartridge H 1 001 is mounted on the carriage 1 02 such that a row direction of the discharge ports H1 1 07 of each discharge 

20 port row is perpendicular to the main scanning direction of the carriage. 

[0074] The recording apparatus conveys the medium to be recorded 108 to a predetermined position opposing to 
the discharge port surface of the head cartridge H1001 and then causes ink to arrive at a predetermined position of 
the medium to be recorded 108 by discharging the ink from the head cartridge H1001 while moving the carriage 102 
in the main scanning direction, thereby performing the recording operation. 

25 

(Method of driving the ink jet recording head) 

[0075] A method of driving the ink jet recording head of this embodiment controls a plurality of electrothermal con- 
version elements H1103 not to be driven all at once such that a small capacity of a driving power source is enough 
30 and unevenness does not occur on a recorded image. That is, the method allocates a plurality of driving blocks to each 
electrothermal conversion element H1103 and drives each nozzle allocated to the same driving block simultaneously 
while staggering driving timing of each driving block. 

[0076] This will be described with reference to Figs. 37A to 37C. Fig. 37A schematically shows a row of nozzles 
(nozzle row 500) provided with the discharge ports H1107 and the electrothermal conversion elements H1103 of the 
35 ink jet recording head, Fig. 37B schematically shows a driving signal 300 of each nozzle, and Fig. 37C schematically 
shows a flown ink droplet 100 discharged from each nozzle. In this figure, in order to simplify description, a row of 
thirty-two nozzles are shown as the nozzle row 500, and nozzle numbers 1 to 32 are given in order from the top of 
Figs. 37A to 37C. 

[0077] In an example shown in figs. 37A to 37C, each nozzle is classified into four sections, namely a first section 
40 to a fourth section, by a unit of eight in order from the top. Then, each of the eight nozzles in each section is allocated 
one of the eight driving blocks. In this example, the nozzles in each section are allocated the driving blocks 1 to 8 in 
order from the top, that is, as shown in Table 1 . 
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[0078] Then, as shown in Fig. 37B, the first driving block to the eighth driving block are sequentially driven in an 
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ascending order by the periodical pulse-like driving signals 300 of each driving block, whereby the ink droplets 100 
are discharged as shown in Fig. 37C. 

[0079] In addition, although each nozzle is basically made the same, a discharge direction, an amount of discharge 
and the like of ink are subtly different, respectively, due to differences in displaced positions, formation tolerances and 

5 the like. Such differences of property of each nozzle are likely to affect a recorded image adversely and to be factors 
for causing streak, unevenness or the like. Thus, in this embodiment, a multi-path recording method for causing ink 
droplets form two or more different nozzles to arrive on an identical raster is performed in order to reduce such adverse 
effects. That is, after performing recording for a width equivalent to the width of the nozzle row 500 in one main scanning, 
sub-scanning for conveying the medium to be recorded 108 by a fixed width is performed and then the next main 

10 scanning is performed, when the medium to be recorded 1 08 is not conveyed by the entire width of the nozzle row 500 
but conveyed by the width of a few nozzles. In this way, recording is performed by nozzles, which deviates by a few 
nozzles from nozzles that performed recording on a rater in the previous main scanning, on the raster. 
[0080] For example, if recording is performed by the ink jet recording head having thirty-two nozzles as shown in 
Figs. 37A to 37C, the medium to be recorded 108 is conveyed by the width of eight nozzles in one sub-scanning and 

is recording is performed with respect to one rater in four times of main scanning. 

[0081] Incidentally, in discharge of ink, fluctuation of pressure due to the discharge of ink may vibrate ink in a nozzle 
adjacent via the common liquid chamber. When such vibration of ink occurs, if the ink is discharged in a state in which 
a meniscus formed in the discharge port H1 107 is in a protruded shape, an amount of discharge becomes relatively 
large, and if the ink is discharged in a state in which a meniscus is in a recessed shape, an amount of discharge 

20 becomes relatively small. Thus, it is likely that unevenness of shading is generated in a recorded image. The more the 
number of nozzles the more conspicuous such change in an amount of discharge. 

[0082] Further, when discharge of ink is performed periodically as described above, vibration common to each nozzle 
that occurs at the same period as the driving period of each driving block appears on a surface of a meniscus. Fig. 38 
is a result of an experiment indicating this and shows driving signals at the time when ink droplets are periodically „ 

25 discharged from all the nozzles at a fixed interval and vibration of the surface of the meniscus at that point. In this way, 
when vibration on the surface of the meniscus with a vibration period substantially the same as the driving period of 
each driving block occurs, a difference of an amount of ink discharge for each driving block is caused. That is, in an 
example shown in Fig. 38, an mount of discharge is relatively large in blocks (BLKs) 1, 2 and 3 to be driven in the „ 
former half because the surface of the meniscus is in a protruded shape at the time of ink discharge, an amount of 

30 discharge is relatively small in BLKs 6 and 7 to be driven in the latter half because the surface of the meniscus is in a 
recessed shape. 

[0083] Thus, as described above, if a multi-path recording is performed conveying the medium to be recorded 108 
by the same number as the driving blocks, that is, by the width of eight nozzles in one sub-scanning, all nozzles for 
performing recording on a certain raster belong to the same driving block. Then, it is likely that the above-mentioned 
35 difference of an amount of discharge of each driving block is accumulated and significantly affects a recorded image 
and causes unevenness of density. Therefore, in a method of discharging liquid of the embodiment of the present 
invention, nozzle feed in sub-scanning is performed by the width of the number of nozzles that is different from the 
number of driving blocks. 

[0084] As such a method, a method of alternately performing nozzle feed by the width of six nozzles and by the width 
40 of ten nozzles will be described. In this case, numbers of driving blocks used in recording on each raster in each main 
scanning of four times and their average values are shown in Table 2 together with average values in the case in which 
nozzle feed is performed by the width of eight nozzles equally. In addition, a graph indicating a difference of these 
average values for each raster is shown in Fig. 39. 
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[0085] As shown in Table 2 and Fig. 39, in the case in which the 10 nozzle - 6 nozzle alternating feed is performed, 
a width of fluctuation of an average of numbers of driving blocks used on each raster becomes smaller compared with 
the case in which equal feed is performed. That is, whereas fluctuation in the equal feed is 1 to 8, fluctuation in the 1 0 
nozzle - 6 nozzle alternating feed is 2 to 7, which m ans that a width of fluctuation is reduced by approximately 25%. 

5 As described above, since there is a difference in an amount of ink discharge from each driving block, it can be evaluated 
that a driving block number generally represents an amount of ink discharge, and it can be considered that an average 
of driving block numbers generally indicates an average amount of discharge of ink in four times of main scanning. In 
fact, since the numbers of driving nozzles is not proportional to an amount of ink discharge, fluctuation of an average 
of discharge amounts in four times of main scanning from one raster to another becomes smaller than that shown in 

10 Fig. 39. The fact that a width of fluctuation of an average of driving block numbers from one raster to another becomes 
smaller indicates that an average of discharge amounts in four times of main scanning is equalized in every raster. 
That is, according to the method of discharging liquid of this embodiment, unevenness of density of a recorded image 
can be reduced. 

[0086] In addition, as another example of a recording method, average values of driving block numbers of each raster 
15 is shown in Table 3 and their graph is shown in Fig. 40 with respect to the case in which 4 nozzle - 12 nozzle alternating 
feed is performed. 
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[0087] Fluctuation of an av rage value of driving block numbers from one raster to another in the case in which the 
4 nozzle - 12 nozzle alternating feed is performed is 3 to 6, and a width of fluctuation is further smaller by approximately 
25% than the case in which the 10 nozzle - 6 nozzle alternating feed is performed and approximately 50% than the 
case in which the equal feed is performed. In this way, unevenness of density can be made further smaller in the case 
5 in which the 4 nozzle - 1 2 nozzle alternating feed is performed than the case in which the 1 0 nozzle - 6 nozzle alternating 
feed is performed. 

[0088] As can be seen from the above, feed of the number of nozzles obtained by subtracting a half of the number 
of driving blocks from a number obtained by dividing the total number of driving blocks by the number of times of main 
scanning for performing recording on one raster and feed of the number of nozzles obtained by adding the half of the 
w number of driving blocks to the quotient are alternatingly performed, whereby the action of reducing unevenness of 
density can be obtained more effectively. This is the same for the case in which recording is performed on one raster 
by two times of main scanning. 

[0089] Next, an ink jet recording head with the number of nozzles of 320 will be described with reference to the case 
in which the nozzles are driven by allocating them to 1 6 blocks x 20 sections and recording is performed by four times 
15 of main scanning with respect to one raster. 

[0090] As to a section, nozzles are divided into a set of sixteen nozzles from the end of a row of the nozzles to form 
a section. Driving blocks are allocated to each nozzle in each section in an ascending order from the end as shown in 
Table 4. 
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[0091] Further, in Table 4, nozzles up to the nozzle number 32 among three hundred twenty nozzles are written. 
Since the same relations as those of these thirty-two nozzles are repeated for the other nozzles, these nozzles are 
omitted from the table. 

[0092] An average value of the driving block numbers of each raster is shown in Table 5 and its graph is shown in 
Fig. 41 for the case in which 76 nozzle - 84 nozzle alternating feed is performed. 
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[0093] In addition, an average value of the driving block numbers is shown in Table 6 and its graph is shown in Fig. 
42 for the case in which 72 nozzle - 88 nozzle feed is performed. 
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[0094] It is seen from Tables 5 and 6 and Figs. 41 and 42 that a fluctuation width of the average value of the driving 
block numbers can be made smaller, that is, unevenness of density of an recorded image can be made smaller in the 
case in which feed for the number of nozzles different from the number of driving blocks is performed compared with 
the case in which the equal nozzle feed is performed. In addition, as described above ; it is seen that, if feed of the 

5 number of nozzles obtained by subtracting a half of the number of driving blocks from a number obtained by dividing 
the total number of driving blocks by the number of times of main scanning for performing recording on one raster and 
feed of the number of nozzles obtained by adding the half of the number of driving blocks to the quotient are altematingly 
performed, that is, the 72 nozzle - 88 nozzle alternating feed is performed, a fluctuation width of the average value of 
the driving block numbers can be made smaller, that is, unevenness of density of an recorded image can be made 

10 smaller. 

[0095] Next, the case in which driving blocks are dispersed and allocated to each nozzle in each section as described 
in Table 7 will be described. 
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[0096] Further, in Table 7, nozzles up to the nozzle number 64 among three hundred twenty nozzles are written. 
Since the same relations as those of these thirty-two nozzles are repeated for the other nozzles, these nozzles are 
omitted from the table. 

[0097] An average value of the driving block numbers of each raster is shown in Table 8 and its graph is shown in 
Fig. 43 for the case in which 76 nozzle - 84 nozzle alternating feed is performed in the above-mentioned case. 
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[0098] In addition, an average value of the driving block numbers of ach raster is shown in Table 10 and its graph 
is shown in Fig. 44 for the case in which the driving blocks are allocated to each nozzle as shown in Table. 9 and 72 
nozzle - 88 nozzle alternating feed is performed. 
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[0099] It is seen from Tables 8 and 9 and Figs. 43 and 44 that a fluctuation width of the average value of the driving 
block numbers can be made smaller, that is, unevenness of density of an recorded image can be made smaller in the 
case in which feed for the number of nozzles different from the number of driving blocks is performed compared with 
the case in which the equal nozzle feed is performed. In addition, as described above, it is seen that, if feed of the 

5 number of nozzles obtained by subtracting a half of the number of driving blocks from a number obtained by dividing 
the total number of driving blocks by the number of times of main scanning for performing recording on one raster and 
feed of the number of nozzles obtained by adding the half of the number of driving blocks to the quotient are alternatingly 
performed, that is, the 72 nozzle - 88 nozzle alternating feed is performed, compared to the case where the 76 nozzle 
- 84 nozzle alternating feed is performed, a period of a fluctuation of the average value of the driving block numbers 

10 can be set in higher frequency. This generally corresponds to the fact that a period of unevenness of density of an 
recorded image can be set in higher frequency, whereby unevenness of density can be less conspicuous. 

(Configuration of a nozzle of an ink jet recording head) 

is [0100] Next, a configuration of the nozzle of the ink jet recording head will be described. Initially, a reference example 
showing an example of a configuration of an ink jet recording head that can reduce occurrence of unevenness of 
density of a recorded image by eliminating a difference of the flow resistances in an ink flow path is described. 

(First reference example) 

20 

[0101] A schematic view of a nozzle portion of an ink jet recording head of this reference example is shown in Figs. 
1 A to 1 C. Fig. 1 A is a plan view showing a discharge port forming member in its removed state, Fig. 1 B is a plan view 
of the discharge port forming member viewed from above it, and Fig. 1 C is a sectional view cut along the line 1 C - 1 C 
of Fig. 1A. 

25 [0102] This ink jet recording head includes a common liquid chamber 54 connected to an ink supply port 56. On both 
sides of the common liquid chamber 54, a plurality of electrothermal converting elements 51 for causing ink to bubble 
and discharging the ink and a plurality of cylindrical pressure chambers 55 having centers in common with the elec- 
trothermal converting elements 51 are provided side by side. An ink flow path 53 is provided between each common 
liquid chamber 54 and each pressure chamber 55. A discharge port 52 is opened in a position opposing each electro- 

30 thermal converting element 51 . 

[0103] In this ink jet recording head, positions in a printing direction (carriage moving direction) of a set of the dis- 
charge port 52 and the electrothermal converting element 51 and another set of them that are adjacent each other 
deviate by an offset equivalent to a distance that a carriage 102 moves during a lagged time of driving timing between 
each driving block. For simplicity of illustration, in Figs. 1 A to 1C, an ink jet recording head in which four driving blocks 

35 are allocated to each nozzle is shown and an arrangement of the discharge port 52 in a printing direction periodically 
changes for every four nozzles in a direction of a row of discharge ports. 

[0104] Then, if numbers are given to the driving blocks in the ascending order of driving timing, in the example shown 
in Figs. 1 A to 1C : a driving block 1 is allocated to the discharge port 52 at the upper right and the discharge port 52 
apart from it by the number of nozzles of integer times of four, a driving block 2 is allocated to the discharge ports 52 

40 on the left of them, a driving block 3 is allocated to the discharge ports 52 on the left of the driving block 2, and a driving 
block 4 is allocated to the discharge ports 52 on the left of the driving block 3. With such a configuration, the driving 
blocks 1 to 4 is sequentially driven in the ascending order, whereby it becomes possible to discharge ink and cause 
the ink discharged from these discharge ports 152 to arrive on a recording medium in one row. 
[0105] As described above, since the positions of the discharge port 52 and the electrothermal converting elements 

45 51 are different between the adjacent nozzles, the lengths of the ink flow paths 53 of the adjacent nozzles are different. 
The ink jet recording head of this reference example is characterized in that it is configured such that the flow resistance 
becomes the same between the nozzles with different lengths of ink flow paths 53. This will be hereinafter described 
with an ink flow path A and an ink flow path B shown in Fig. 1 A as an example. 

[0106] A length LB of the ink flow path B is longer than a length LA of the ink flow path A. Thus, in this embodiment, 
so the ink jet recording head is configured such that a width WB of the ink flow path B is made wider than a width WA of 
the ink flow path A, whereby a flow resistance Ra of the ink flow path A and a flow resistance Rb of the ink flow path 
B are equal. 

[0107] In this case, the flow resistance Ra of the ink flow path A and the flow resistance Rb of the ink flow path B 
are obtained by the following Expression 1 to Expression 4: 

55 
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Expression 1 



10 Expression 2 

Lb 



15 



20 



Expression 3 



Da(x)= 12.0x 



0.33 + 1.02 x 



al(*)JJ 



25 



30 
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Expression 4 



Db(x) = 1 2.0 x fo.33 + 1.02 x f^3 + Hd 
( U2(x) a2(x). 



where, 



x is a distance from the common liquid chamber; 
35 Sa(x) is a cross section area (|xm 2 ) of the ink flow path A in the position of the distance x; 

Sb(x) is across section area (urn 2 ) of the ink flow path B in the position of the distance x; 

Da(x) is a cross section coefficient of the ink flow path A in the position of the distance x; 

Db(x) is a cross section coefficient of the ink flow path B in the position of the distance x; 

a1 (x) is a height of the ink flow path A in the position of the distance x; 
40 b1 (x) is a width of the ink flow path A in the position of the distance x; 

a2(x) is a height of the ink flow path B in the position of the distance x; 

b2(x) is a width of the ink flow path B in the position of the distance x; and 

T| is an ink viscosity (N-Pa-s). 

45 [0108] Since the ink flow path A and B of this reference example have a substantially rectangular shape from the 
common liquid chamber 54 to the ends of the electrothermal converting elements 51 , rectangular approximation is 
performed. That is, in Expressions 1 to 4, Da(x) and Db(x) can be regarded as Da and Db, respectively, because x is 
a constant. In addition, since Sa(x) = WA-H, Sb (x) = WB-H, the following expressions are obtained. 



Expression 5 



Expression 6 
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j]Db 



(WBH) 2 



Thus, when 



Expression 7 



WB 



_ ( Db L& f 
" {Da-La) ' 



WA 



Ra = Rb. 



[0109] Therefore, the width WA of the ink flow path A and the width WB of the ink flow path B are set to satisfy the 
relation of Expression 7, whereby the flow resistances of the ink flow path A and the ink flow path B can be made 
substantially equal and refill property of the two ink flow paths 53 can be made substantially equal. 
[0110] In this way, refill property of all the nozzles can be uniform by making the flow resistances of all the ink flow 
paths 53 equal. Thus, unevenness of density of a recorded image can be suppressed, which is caused by a difference 
of an amount of ink discharge due to a difference of refill property among each of the ink flow paths 53 when ink is 
repeatedly discharged at a predetermined frequency. Therefore, according to the present invention, high-grade image 
recording without unevenness of density can be performed. 

[0111] Further, in order to allow such high-grade image recording without unevenness of density, it is desirable to 
keep a difference of a flow resistance among the plurality of ink flow paths 53 within 10%. 

[0112] In addition, flow resistances of the plurality of ink flow paths 53 with different lengths is made uniform by 
changing the width of the ink flow path 53 in this reference example. However, since it is sufficient to change the cross 
section of the ink flow path 53 in order to change the flow resistance, the flow resistance may be made uniform by 
changing the height of the ink flow path 53, changing both the width and the height of the ink flow path 53 or providing 
a rib in the ink flow path 53. 

[0113] In addition, a method of calculating the flow resistance using Expressions 1 to 4 for performing continuous 
integration is shown in this reference example. However, the flow resistance may be calculated by dividing the ink flow 
path 35 into a plurality of sections whose shape of cross section is not changed to add up the flow resistance of each 
section. In this case, expressions for calculating the flow resistance R are represented by Expressions 8 and 9 below: 



k is the number of division of the ink flow path; 

xn is a distance from the common liquid chamber to an nth divided position when the ink flow path is divided into 
k parts; 

S(xn) is a cross section area (um 2 ) of the ink flow path in the position of the distance xn from the common liquid 
chamber; 

D(xn) is a cross section coefficient of the ink flow path in the position of the distance xn; 
a(xn) is a height of the ink flow path in the position of the distance xn; 



Expression 8 




Expression 9 




where, 
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b(xn) is a width of the ink flow path in the position of th distance xn; and 
T| is an ink viscosity (N-Pa-s) 

[0114] In addition, the flow resistance of the ink flow path 53 may be obtained by combining Expressions 1 to 4 and 
5 Expressions 8 and 9, that is, calculating the flow resistance of a part of the ink flow path 53 based on Expressions 1 
to 4, calculating the flow resistance of the other parts of the ink flow path 53 based on Expressions 8 and 9 and adding 
both the calculated flow resistances. 

(Second reference example) 

10 

[0115] A schematic view of a nozzle portion of an ink jet recording head of this reference example is shown in Figs. 
2A to 2C. Fig. 2A is a plan view showing a discharge port forming member in its removed state, Fig. 2B is a plan view 
of the discharge port forming member viewed from above it, and Fig. 2C is a sectional view cut along the line 2C - 2C 
of Fig. 2A. In this figure, parts similar to or the same as those in Figs. 1 A to 1 C are designated by like reference numerals 

15 and reference symbols and description of such parts is omitted. 

[0116] In the ink jet recording head of this reference example, an ink flow path 63 has a part that widens toward the 
. common liquid chamber 54 on the common liquid chamber 54 side. In this embodiment, the lengths of the adjacent 
ink flow paths 63 are also different. Flow resistances of a plurality of ink flow paths 63 are calculated as shown in 
Expressions 1 to 4 or Expressions 8 and 9 to adjust the width and the height of the ink flow path 63 such that the flow 

20 resistance is the same in the plurality of ink flow paths 63. 

[0117] In this configuration, a flow resistance in a part where the width of the ink flow path 54 is wider is smaller than 
a flow resistance of a part where the width is narrower. Thus, the flow resistance of the part where the width is wider 
does not affect a flow resistance of the entire ink flow path 54 so significantly, and the flow resistance of the entire ink 
flow path 54 is generally determined by the flow resistance of the part where the width is narrower. 

25 [0118] Note that a part positioned above the ink supply port 56 is the common liquid chamber 54 in this ink jet 
recording head. The ink supply port 56 is formed by anisotropic etching or the like. A slight dispersion may occur in a 
width of an opening of the ink supply port 56 facing the common liquid chamber 54, that is, in the width of the common 
liquid chamber 54 due to dispersion of manufacturing of the ink supply port 56. If dispersion occurs in the width of the 
common liquid chamber 54 in this way, the length of the ink flow path 63 changes. 

30 [0119] When the length of the ink flow path 63 changes as described above, if the ink flow path 63 does not have a . 
part where the width is wider, the flow resistance of the ink flow path 63 changes significantly and refill property of ink 
changes. Thus, it is likely that, when the ink is repeatedly discharged at a predetermined frequency, a refill state at the 
time of the ink discharge is different from a designed desired state and an amount of ink discharge increases or de- 
creases or otherwise fluctuates to adversely affect a recording grade. 

35 [0120] Further, even if the lengths of the short ink flow path A and the long ink flow path B are changed by the same 
degree, a rate of change of the length of the ink flow path B is larger than a rate of change of the length of the ink flow 
path A, whereby a rate of change of the flow resistance of the ink flow path B is larger than a rate of change of the flow 
resistance of the ink flow path A. Thus, it is likely that, even if the ink flow path A and the ink flow path B are designed 
such that the flow resistance becomes the same in both the flow paths, a difference is caused in the flow resistances 

40 of the ink flow path A and the ink flow path B due to production variance. In this way, when a difference is caused in 
the flow resistance among the nozzles, a difference is caused in the amount of ink discharge among the nozzles again. 
[0121] On the other hand, in this reference example, such change of the length of the ink flow path 63 occurs in a 
part where the width of the ink flow path 63 is wider. Thus, although a flow resistance in a part where the width is wider 
slightly changes due to the change of the length of the ink flow path 63, this change hardly affects the flow resistance 

45 of the entire ink flow path 63 and refill property of ink hardly changes. In addition , a difference among the flow resistances 
of the plurality of ink flow paths 63 is hardly generated. 

[0122] As described above, according to this reference example, the part where the width is wider is provided on 
the common liquid chamber 54 side of the ink flow path 63, whereby refill property of the ink of each nozzle can be 
made to change little and dispersion of the refill property of the ink from one nozzle to another can be made not to 
so occur even if the width of the common liquid chamber 54 deviates and the length of the ink flow path 63 deviates slightly 
due to production variance. Thus, it is possible to form a high-grade image. 

(Third reference example) 

55 [0123] A schematic view of a nozzle portion of an ink jet recording head of this reference example is shown in Figs. 
3A to 3C. Fig. 3A is a plan view showing a discharge port forming member in its removed state, Fig. 3B is a plan view 
of the discharge port forming member viewed from above it, and Fig. 3C is a sectional vi w cut along the line 3C - 3C 
of Fig. 3A. In this figure, parts similar to or the same as those in the first and second embodiments are designated by 
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like reference num rals and reference symbols and description of such parts is omitted. 

[0124] In the ink jet recording head of this reference example, an ink flow path 73 has a part that widens toward the 
common liquidchamber 54 on the common liquid chamber54 side as in the second reference example. In this reference 
example, the width of the part where the width of the ink flow path 73 is narrower is the same in the adjacent nozzles, 
5 that is, WA = WB. The flow resistances of the ink flow path A and the ink flow path B of different lengths become the 
same by changing the lengths of this part L*A and L'B. 

[0125] Note that in the ink jet recording head, a formed width of the ink flow path 73 may slightly deviate from a 
designed desired width due to production variance. Thus, if the width WA of the ink flow path A is different from the 
width WB of the ink flow path B, a rate of change of the width of the ink flow path 73 due to the deviation of the formed 
10 width is larger in the narrower ink flow path 73 than in the wider ink flow path 73 even if the deviation of the formed 
width of the ink flow path 73 occurs in the same way in the ink flow path A and the ink flow path B. Therefore, influence 
on the ink flow resistance and the refill property by the formed width of the ink flow path is more likely to be generated 
in the narrower ink flow path 73. 

[0126] On the other hand, in this reference example, the width of a narrower part where the influence on the flow 
15 resistance of the ink flow path 73 is dominant is the same for all the nozzles. Thus, the influence of the deviation of 
the formed width of the ink flow path 73 due to production variance is generated similarly in all the nozzles, whereby 
a difference of the flow resistances among the nozzles can be suppressed. 

[0127] Next, an ink jet recording head of an embodiment of the present invention having a configuration for avoiding 
damages due to cavitation of electrothermal converting elements will be described. 

20 

(First embodiment) 

[0128] A schematic view of a nozzle portion of an ink jet recording head of this embodiment is shown in Figs. 4A and 
4B. Fig. 4A is a plan view showing a discharge port forming member in its removed state and Fig. 4B is a sectional 
25 view cut along the line 4B - 4B of Fig. 4A. In this figure, parts similar to or the same as those in the first to the third 
reference examples are designated by like reference numerals reference symbols and description of such parts is 
omitted. 

[0129] In this ink jet recording head, an ink flow path 83 is arranged to be located in a position where its central line 
is offset from the central line of the electrothermal converting element 51 and the pressure chamber 55 in a direction 

30 of supplying ink to the pressure chamber with respect to the electrothermal converting element 51 and the pressure 
chamber 55 that are arranged such that the center is positioned on the plumb line of the center of the discharge port 52. 
[0130] This embodiment is for generating a rotating flow component in a flow of refill of ink at the time of bubble 
disappearance by arranging the ink flow path 83 as described above, thereby reducing influence of cavitation, in par- 
ticular, influence on the electrothermal converting element 51 . This will be described with reference to Figs. 5A to 5F 

35 showing a bubble disappearance process. Figs. 5A to 5F are schematic plan views of a nozzle and show each tran- 
sitional state of the bubble disappearance process in the order of Figs. 5A to 5F. 

[0131] Fig. 5A shows the nozzle part at the time of maximum bubbling when a bubble 87 has a largest size, at which 
point bubble disappearance. is started. Then, as shown in Fig. 5B, a flow of ink from the common liquid chamber 54 is 
generated simultaneously with the bubble disappearance, and the bubble 87 gets smaller as if a part protruded to the 

40 ink flow path 83 subsides. 

[0132] When the flow of the ink reaches the pressure chamber 55, a flow rate decreases because the space in the 
center direction of the pressure chamber 55 suddenly expands. As a result, the flow of the ink curves to the center 
direction of the pressure chamber 55. Consequently, the bubble 87 gets smaller as if it is pressed by the ink in the 
flowing direction of the ink as shown in Figs. 5C and 5D. 

45 [0133] In a process in which the bubble 87 gets even smaller, the bubble 87 is washed away by the flow of the ink 
to a position slanted to the left side of the pressure camber 55 in Figs. 5A to 5F. At this point, since the flowing ink has 
a kinetic moment in a direction from the common liquid chamber 54 to the pressure chamber 55, that is. in a direction 
to the top of Figs. 5A to 5F, flow turning over to the bottom of the pressure chamber 55 is small. Thus, the bubble 87 
takes a shape extended downward, and takes a crescent-like shape extending vertically as shown in Fig. 5E immedi- 

50 ately before bubble disappearance. Then, the final bubble disappearance process shown in Fig. 5F is generated in 
such a vertically extended area. 

[0134] As described above, in the ink jet recording head of this embodiment, the flow of the ink in the pressure 
chamber 55 is unstable as liquid and a bubble disappearance position tends to fluctuate because a rotating component 
is generated in the flow of the ink at the time of bubble disappearance. Further, since the bubble disappearance occurs 
55 while being dispersed in a vertically long ar a, an impact of cavitation is dispersed in a wide area with respect to the 
continuous area. As a result, the impact of cavitation does not concentrate in one point and the impact force received 
by the electrothermal converting lement 51 can be reduced. 

[01 35] The bubbl disappearance position of Figs. 5A to 5F is a position where an A1 electrode (not shown) supplying 
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electric power to th lectrothermal converting elem nt 51 is connected to the electrothermal conv rting element 51 . 
Although this part is structurally weak due to a step-like shape from the Al electrode toward the electrothermal converting 
element 51 , it was confirmed in a durability test that a trace of cavitation that concentrated in one point in its vicinity 
was not formed but a long and shallow crack was formed vertically and durability was remarkably improved. 
5 [0136] In the ink jet recording head of this embodiment, driving timing between the adjacent nozzles is also staggered, 
the positions of the discharge ports 52 of the adjacent nozzles deviate. As a result, the length of the ink flow path 83 
is different among the nozzles as shown in Fig. 6. Further, in order to make the flow resistances of the ink flow paths 
83 having different lengths as described above uniform, the width and the length of the ink flow path 83 is changed 
also in this embodiment. 

10 [0137] In this case, since the ink flow path 83 is disposed offset from the central line of the pressure chamber 55, if 
the width of the ink flow path 83 is different (e.g., WA and WB of Fig. 6), a difference is caused in a positional relation 
between the electrothermal converting element 51 and the ink flow path 83. Thus, in this embodiment, it is desirable 
to calculate a flow resistance up to the central position of the electrothermal converting element 51 and make the flow 
resistance uniform for all the nozzles. 

15 [0138] As shown in Fig. 7, the flow resistance up to the central position of the electrothermal converting element 51 
can be obtained by performing the integrations shown in Expressions 1 to 4 or the additions shown in Expressions 8 
and 9 along the central axis along the central position of the main flow of the ink. In this case, as a height, a width, an 
area and the like of the ink flow path at each point, those in a cross section perpendicular to the central axis (e.g., the 
cross section A and cross section B in Fig. 7) are used. 

20 [0139] The refill property of the ink of each nozzle is made uniform by making the flow resistance of each nozzle 
unif orm in this way, whereby the refill state of the ink is substantially the same for every nozzle when the ink is discharged 
at a predetermined frequency and satisfactory image formation without unevenness of density can be performed. 
[0140] In addition, if the ink flow path 83 is disposed offset with respect to the central line of the pressure chamber 
55 and the electrothermal converting element 51 in this way, it is desirable to make the offset direction of the ink flow 

25 path 83 with respect to the central line of the electrothermal converting element 51 uniform for all the nozzles included 
in one nozzle row as shown in an overall view of the nozzle of Fig. 8A and an enlarged view of Fig. 8B. The central 
axis 8 B is designated by reference numeral 89. 

[0141] This will be described with reference to Figs. 9A and 9B showing a plan view of the nozzle. When a member 
forming the ink flow path 83 and the pressure chamber 55 is patterned on a recording element substrate on which the 
30 electrothermal converting element 51 is formed, a mask for patterning may deviate in the nozzle row direction and the 
ink flow path 83 and the pressure chamber 55 may deviate from their original positions shown by solid lines in Figs. 
9A and 9B to be formed in positions shown by broken lines. 

[0142] In such a case, as shown in Fig. 9A, if nozzles with different offset directions of the ink flow path 83 with 
respect to the electrothermal converting element 51 exist, the positional relation between the electrothermal converting 

35 element 51 and the ink flow path 83 deviates in different directions in these nozzles. That is, whereas the ink flow path 
83 deviates in a direction approaching the electrothermal converting element 51 in the nozzle shown on the left side 
of Fig. 9A, the ink flow path 83 deviates in a direction separating from the electrothermal converting element 51 in the 
nozzle on the right side. In addition, this is the same for the positional relation between the discharge port 52 to be 
disposed in a position opposing the electrothermal converting element 51 and the ink flow path 83. Thus, a difference 

40 is caused in the ink discharge property between both the nozzles, and it is likely that a recorded image is disturbed. 
In addition, even if the width and the height of the ink flow path are adjusted to make the flow resistance uniform 
between both the nozzles, it is likely that a difference is caused in the flow resistance between both the nozzles. 
[0143] On the other hand, if offset direction of the ink flow path 83 with respect to the electrothermal converting 
element 51 is the same as shown in Fig. 9B, since deviation of a positional relation between the electrothermal con- 

^5 verting element 51 and the discharge port 52 and the ink flow path 83 occurs in the same way when a formation position 
of the ink flow path 83 and that of the pressure chamber 55 deviate, the ink discharge property of both the nozzles 
changes in the same manner. Thus, since the same change occurs in a plurality of nozzles even if a discharge direction 
and a discharge amount of ink slightly change, influence affecting a recorded image is small. 

[0144] As described above, the offset direction of the ink flow path 83 with respect to the electrothermal converting 
50 element 51 is made the same for each nozzle in one nozzle row, whereby influence on a recorded image due to 
production variance can be reduced. Similarly, if there are two rows of nozzles on both sides of the common liquid 
chamber 54, it is desirable to make offset directions of the ink flow path 83 with respect to the electrothermal converting 
el ment 51 in the two rows of nozzles line symmetrical with respect to the central axis B 89 parallel to the nozzle rows 
(see Fig. 8B). That is, with such a configuration, it is possible to cause the deviation of the positional relation betw en 
55 the electrothermal converting element 51 and the ink flow path 83 due to production variance in th same way in both 
the nozzl rows, whereby influence affecting a recorded image can be reduced. 
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(Second embodiment) 

[0145] Figs. 10A and 10B are schematic views showing a nozzle portion in accordance with a second embodiment 
of the ink jet recording head of the present invention. Fig. 1 0A is a plan view showing a discharge port forming apparatus 

5 in a state in which it is looked through and Fig. 1 0B is a sectional view cut along the line 1 0B - 1 0B in Fig. 10A. 

[0146] In the ink jet recording head of this embodiment, the ink flow path 83 is arranged such that its central line is 
located in a position offset from the central line of the electrothermal converting element 51 and the discharge port 52 
is arranged such that its center is located in a position offset by an amount of offset X in a direction from the center of 
the electrothermal converting element 51 toward the common liquid chamber 54 on the ink flow path side. Since other 

10 configurations of the ink jet recording head of this embodiment are the same as those of the ink jet recording head 
shown in the first embodiment, detailed description of the configurations is omitted. Reference symbol C denotes a 
central line of the electrothermal converting element and G denotes a central line of the ink flow path. 
[01 47] Figs. 1 1 A to 1 1 E show a bubble disappearance process of a bubble after an ink droplet I is discharged from 
a nozzle of the ink jet recording head shown in Figs. 1 0A and 1 0B in the order of Figs. 1 1 A to 1 1 E. The states shown 

15 in Figs. 1 1 A to 11 E correspond to the states shown in Figs. 5 A to 5 E, respectively. 

[0148] Here before describing the bubble disappearance process in this embodiment, a bubble disappearance proc- 
ess in the case in which the center of the discharge port 52 is not arranged to be offset from the center of the electro- 
thermal converting element 51 and the centers of the discharge port 52 and the electrothermal converting element 51 
are arranged in substantially the same position will be described for a comparison purpose. 

20 [0149] In the an ink jet recording head of a conventional example shown in Figs. 45A and 45B, ink in the vicinity of 
a central line of an ink flow path that is apart from an ink flow path wall 1 63a forming an ink flow path 1 63 most is least 
susceptible to a liquid friction resistance from the ink flow path wall 163a and easy to move. Thus, when the bubble 
disappearance process starts, the ink in the vicinity of the central line of the ink flow path flows into a pressure chamber 
1 55 in an extremely short time and a bubble turns into a shape with its center recessed down into the pressure chamber 

25 1 55. As a result, a flow of the ink left between the discharge port 152 and the bubble at the time when it is attracted 
toward the electrothermal converting element 1 51 when the bubble is disappeared has a velocity vector in the direction 
to the inside of the pressure chamber 155 and flows into the inside of the pressure chamber 155 without vertically 
colliding against the electrothermal converting element 151 . 

[0150] On the other hand, in an ink jet recording head in which the central line of the ink flow path is arranged to be 
30 located in a position being offset from the central line of the electrothermal converting element, a phenomenon as 
described below may occur. 

[0151] Figs. 12A 1 and 12A 2 through 12C-, and 12C 2 are views corresponding to the bubble disappearance process 
shown in Figs. 11 A to 1 1 C and further show a cross section of a nozzle in each state. In the figures, reference numeral 
157 denotes discharged ink and 159 denotes a tail of the discharge ink. 
35 [0152] Figs. 12A 1 and 12As show a state at the time of maximum bubbling. The bubble 87 generated on the elec- 
trothermal converting element 151 grows largely in the direction of the discharge port 152 and an ink droplet 152 
protrudes from the discharge port 152. 

[0153] Figs. 12B-, and 12B 2 show a state in which the bubble starts to contract. At this point, the ink between the 
discharge port 152 and the bubble is pulled by a negative pressure of the contracting bubble and the central part of 
40 the ink starts to take a protruded shape toward the direction of the electrothermal converting element 151 . A direction 
of a velocity vector of the ink at this point is shown by an arrow in Fig. 1262. 

[0154] Figs. 1 2C 1 and 1 2C 2 show a state in which the contraction of the bubble further progresses and the bubble 
contracts to a size in the same order as the electrothermal converting element 151 . The ink between the discharge 
port 1 52 and the bubble collides against substantially the center of the electrothermal converting element 1 51 keeping 

45 the velocity vector in the direction toward the electrothermal converting element 151 . 

[0155] As described above, a rotating component is generated in the flow of the ink in the pressure chamber 155 
wh n the bubble is disappeared in a nozzle of a shape in which the central line of the ink flow path is arranged to be 
located in a position offset from the central line of the electrothermal converting element. Thus, the ink in the vicinity 
of the central line of the ink flow path never flows in one direction into the center of the bubble in an initial step of 

so contraction of the bubble and the bubble does not become depressed largely. As a result, when the bubble still keeps 
the size covering the electrothermal converting element 1 51 , the ink existing more on the discharge port 1 52 side than 
the bubble substantially vertically falls toward the electrothermal converting element 151 and collides against substan- 
tially the center of the electrothermal converting element 151 . Although an impact due to this collision is not so large 
as an impact due to cavitation, if such collision is repeated every time the ink discharge operation is taken, it is possible 

55 that the collided position is finally damaged and the electrothermal converting element 151 is destroyed. Although a 
life of the electrothermal converting element 151 until it is destroyed by this phenomenon is longer than a lif of the 
electrothermal conv rting el ment 151 until it is destroy d by cavitation at the time when th bubble is disappeared, 
this phenomenon becomes an obstacle wh n it is intended to further improve the durability of the electrothermal con- 
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verting element 151. 

[0156] Moreover, a phenomenon as described below also occurs. First, in th conventional ink jet recording head 
shown in Figs. 45A and 45B, since the central line of the ink flow path 163 and the central line of the electrothermal 
converting element 151 coincide with each other as described above, a flow of ink from the common liquid chamber 
5 154 to the pressure chamber 155 through the ink flow path 163 is generated line symmetrically with respect to the 
central line of the electrothermal converting element 151 . Thus, a bubble generated by heating the ink by the electro- 
thermal converting element 151 is steadily disappeared on the electrothermal converting element 151 symmetrically 
with respect to its central line. 

[0157] As a result, a micro liquid droplet is generated from a meniscus surface of the ink on the central line of the 
10 ink flow path 163 by an impact force of cavitation at the time of bubble disappearance. Since this micro liquid droplet 
is often generated at substantially the center of the discharge port 152, it is steadily discharged from the discharge 
port 152 without being blocked by the edge of the discharge port 152. 

[0158] On the other hand, in an ink jet recording head in which a central line of an ink flow path is arranged to be 
located in a position offset from a central line of an electrothermal converting element, a phenomenon as described 
is below may occur. 

[0159] Figs. 13A 1? 13B-,, 13A 2: 13B 2 , 13A 3 and 13B3 show a situation in which an ink droplet is discharged from a 
nozzle of the ink jet recording head, in which the central line of the ink flow path is arranged to be located in a position 
offset from the central line of the electrothermal converting element, in the order of Figs. 13A n and 13B 1 to Figs. 13A 3 
and 13B 3 . Further, Figs. 13A 1f 13A 2 and 13A 3 are plan views showing a discharge port forming member in a state in 
20 which it is looked through and Figs. 13B 1( 13B 2 and I3B3 are sectional views cut along the lines 13B 1 - 13B 1 , 13B 2 - 
13B 2 and I3B3 - 13B5 of Figs. 13A 1( 13A 2 and 13A 3 . In the figures, reference symbol S denotes a satellite, F denotes 
a micro liquid droplet, M denotes a main droplet and D denotes bubble disappearance: 

[0160] Figs. 13A 1 and 13B 1 show a state immediately after a bubble generated on the electrothermal converting 
element 151 is disappeared. The main droplet and the satellite droplet following it are discharged from the discharge 

25 port 152 along the central axis of the discharge port. As described above, since the central line of the ink flow path 
183 is offset from the central lines of the electrothermal converting element 151 and the pressure chamber 155 and a 
shape of the nozzle is asymmetrical with respect the central line of the ink flow path 183, the bubble disappearance is 
performed in a bubble disappearance area A shown by a dotted line in the Fig. 13Aj. Then, a micro liquid droplet is 
generated above the bubble disappearance area by an impact at the time of the bubble disappearance. Since the 

30 position where the micro liquid droplet is generated deviates from the center of the discharge port 152, the generated 
micro liquid droplet flies in the vicinity of the edge of the discharge port 152 as shown in Figs. 13A2 and 13B 2 . 
[0161] Since a bubble disappearance position tends to fluctuate in such an asymmetric nozzle, a discharge direction 
of a micro liquid droplet is unstable. Thus, although the micro liquid droplet is discharged through the discharge port 
152 as shown in Figs. 13A 3 and 13B 3 in some case : it collides against the edge of the discharge port 152 and deposits 

35 on the external surface in the vicinity of the discharge port 152 to form an ink accumulation in many cases. 

[0162] When the ink accumulation is formed on the external surface in the vicinity of the discharge port and the ink 
accumulation grows to exceed a certain degree, it interferes with an ink liquid droplet discharged from the discharge 
port to affect a discharge state of the ink liquid droplet. 

[0163] Figs. 14A 1r 14B 1} 14A 2: 14B 2 , 14A 3 and AAB^ show a situation in which an ink liquid droplet I is discharged 
40 from a nozzle of an ink jet recording head in a state in which an ink accumulation is formed on an external surface in 
the vicinity of a discharge port in the order of Figs. and 14B 1 to 14A 3 and 14B 3 . Further, Figs. 14A V 14Ag and 
1 4A 3 show plan views showing a discharge port forming member in a state in which it is looked through and Figs. 1 4B 1 , 
14B 2 and 14B 3 show sectional views cut along the lines *\4Q^ - 14B.,, 14B 2 - 14B 2 and 14B 3 - 14B 3 in Figs. 14A 1? 14A 2 
and 14A 3 . Reference symbol M denotes a main droplet, I denotes an ink liquid droplet and C denotes a discharge 
45 direction. 

[0164] Figs. 14A 1 and 14B 1 show a state in which micro liquid droplets deposit on the external surface in the vicinity 
of the discharge port 152 and an ink accumulation (T) is formed. 

[0165] Figs. 14A 2 and 14B 2 show a state in which an ink liquid droplet is about to be discharged with the ink accu- 
mulation being formed on the external surface in the vicinity of the discharge port 152. When the ink accumulation is 
so form d in the vicinity of the discharge port 1 52, the ink liquid droplet contacts the ink accumulation when it is discharged 
from the discharge port 152, being attracted toward the ink accumulation by a surface tension. Then, the ink liquid 
droplet is discharged to a direction deviating from the central axis of the discharge port. 

[0166] Figs. 14A 3 and 14B 3 show a situation in which formation of an ink liquid droplet ends thereafter and a main 
droplet and a satellite droplet fly in a direction deviating from the central axis of the discharge port. When a discharge 
55 operation is taken in a state in which the ink pool is formed in the vicinity of the discharge port 152 in this way, not only 
the discharge direction of the ink liquid droplet deviates but also decrease in a discharg speed, an amount of discharge 
and the like t nds to occur simultaneously. As a r suit, an arriving position of the ink droplet on a recording medium 
may deviate from an original position to cause "streak," "unevenness" or the like on a recorded image and deteriorate 
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a grade of the record d image. 

[0167] Next, the bubble disappearance process in the ink jet recording head of this embodiment will be described 
with reference to Figs. 11 A to 11 E again. 

[0168] Fig. 11 A shows a state at the time of maximum bubbling, when a bubble swells in a discharge direction and 

5 an ink liquid droplet starts to be discharged from the discharge port 52. 

[0169] Fig. 11 B shows a state in which the bubble starts to contract thereafter. Ink remaining between the discharge 
port 52 and the bubble is pulled to the electrothermal converting element 51 by a negative pressure at the time of 
bubble disappearance and forms a protruded shape toward the direction of the electrothermal converting element 51 . 
At this point, a velocity vector of the ink between the discharge port 52 and the bubble (ink on the discharge port side) 

10 points a direction substantially perpendicularto the electrothermal converting element 51 as shown by an arrow in the 
figure. 

[0170] Fig. 11 C shows a state in which the contraction of the bubble has further progressed thereafter. In a config- 
uration of this embodiment, since the discharge port 52 is arranged relatively on the common liquid chamber 54 side 
compared with the electrothermal converting element 51, the ink on the discharge port side is subjected to a force 

15 pointing an inside direction of the pressure chamber 55 along the central line of the electrothermal converting element 
51 in a process in which the bubble contracts. Thus, a velocity vector at the time when the bubble swells to be a size 
of the same degree as the electrothermal converting element 51 is not perpendicular to the electrothermal converting 
element 51 but inclines to the inside direction of the pressure chamber 55 as shown by an arrow in Fig. 11C. As a 
r suit, even if the bubbling further progresses to be in a state shown in Fig. 11 D and further in a state shown in Fig. 

20 11 E, the bubbie disappearance process ends without the ink on the discharge port side intensively colliding against a 
position of a part of the electrothermal converting element 51 vertically. 

[0171] In addition, with a configuration in which the discharge port 52 is offset to the common liquid chamber 54 side 
as in this embodiment, a state described below can be created in a system in which kinetic energy of the ink on the 
discharge port side is not slanted to the inside of the pressure chamber 55 at the time of bubble disappearance. That 

25 is, since the center of gravity of the ink on the discharge port side approaches the common liquid chamber 54 side, a 
position where the ink on the discharge port side collides against the electrothermal converting element 51 at the time 
of bubble disappearance approaches the common liquid chamber 54 side. Thus, timing of the ink on the liquid chamber 
side fbwing from the common liquid chamber 54 side reaching the above-mentioned collision position of the ink on 
the discharge port side becomes earlier. As a result, the ink on the liquid chamber side flowing from the common liquid 

30 chamber 54 side covers a position, where the ink on the discharge port side collides, before the ink on the discharge 
port side reaches the electrothermal converting element 51 at the time of bubble disappearance. Thus, the ink on the 
discharge port side does not impact the electrothermal converting element 51 and the electrothermal converting ele- 
ment 51 does not suffer damages. 

[0172] The bubble disappearance process in this case is shown in Figs. 15A to 15F and Figs. 16A to 16E. 

35 [0173] Figs. 15A to 15F shows a plan view of a bubble from bubbling to bubble disappearance as in Figs. 5A to 5F. 
Figs. 15A, 15E and 15F show states of maximum bubbling, immediately before bubble disappearance and bubble 
disappearance, respectively. Each of Figs. 16A to 16E corresponds to Figs. 11 A to 11 E in this case. In the configuration 
of Figs. 15A to 15F, the length L and the width W of the narrow part of the ink flow path 183 are different from those in 
the configuration of Figs. 10A and 10B. More specifically, W is made narrower and L is made longer than the config- 

40 uration of Figs. 10A and 10B. Thus, the flow rate of the ink on the liquid chamber side flowing from the common liquid 
chamber 54 at the time of bubble disappearance can be increased, whereby the bubble at the time of bubble disap- 
pearance can be formed in a crescent shape as shown in the figures. In this state, the state shown in Figs. 1 6A to 1 6E 
can be created. Figs. 16A to 1 6E are sectional views cut along the line XVI - XVI of the bubble disappearance process 
shown in Fig. 15C, being shown such that the relation between the ink on the liquid chamber side and the ink on the 

45 discharge port side is easily understood. Although Figs. 16Aand 16B show substantially the same states as Figs. 11 A 
and 11B, the states in the process of Figs. 16C to 16E are different from Figs. 11C to 11E. Fig. 16C shows a situation 
in which the ink on the liquid chamber side has reached a position where the ink on the discharge port side collides 
against the electrothermal converting element 51 before the ink on the discharge port side reaches the electrothermal 
converting element 51 . Fig. 16D shows a state in which the ink on the discharge port side contacts to be combined 

50 with the ink on the liquid chamber side that has flown onto the electrothermal converting element 51 . Further, in Figs. 
1 6A to 1 6E, reference symbol I denotes an ink liquid droplet. Fig. 1 6E shows a state in which the bubble disappearance 
process has further progressed after the ink on the liquid chamber side and the ink on the discharge port side are 
combined. In this way, in the above-mentioned configuration, a state in which the ink on the discharge port side directly 
collides against the electrothermal converting element 51 can be avoided. 

55 [0174] In addition, with a configuration in which interaction between the ink on the discharge port side and the ink 
on the liquid chamber is str ngthened at the time of bubble disappearance as in this embodiment, motion of the ink 
on the discharge port sid b comes unstabl in the first place. In a configuration in which the ink on the discharge port 
side collides against the electrothermal converting element 51 , a collision position becomes random. Thus, occurrence 
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of damages as in the case in which c llision occurs in a specific portion every time the bubble disappearance is per- 
formed can be prevented. 

[0175] In this way, according to this embodiment, the electrothermal converting element 51 does not receive a strong 
impact force in the bubble disappearance process to thereby hardly suffer damages. As a result, it becomes possible 

5 to remarkably improve durability of the electrothermal converting element 51 . 

[0176] In addition, Figs. 17A V 17B,, 17/^, 17^, 17A 3 and I7B3 show a situation in which an ink liquid droplet is 
discharged from the nozzle of the ink jet recording head shown in Figs. 10A and 10B in the order of Figs. 17Aj and 
17B 1 through Figs. 17A 3 and 17B 3 . Further, Figs. 17A.,, 17A 2 and 17A 3 are plan views showing the discharge port 
forming member in a state in which it is looked through and Figs. 17B.,, 17B2 and 17B 3 are sectional views cut along 

10 the lines 17B 1 - 17B 1s 17B 2 - 17B 2 and I7B3 - 17B 3 in Figs. ^7A V 17Ag and 17A 3 . In the figures, reference symbol C 
denotes the central line of the electrothermal converting element, G denotes the central line of the ink flow path, M 
denotes a main droplet and S denotes a satellite. 

[0177] Figs. 17A-, and 17B 1 show a state immediately after a bubble generated on the electrothermal converting 
element 51 is disappeared. The main droplet and the satellite droplet following it are discharged from the discharge 

is port 52 along the central axis of the discharge port 52. 

[0178] As described above, since the center of the discharge port 52 is offset in the direction of the common liquid 
chamber 54 from the center of the electrothermal converting element 51 , the discharge port 52 is arranged in a position 
that is offset in that direction relatively to the bubble disappearance area A (see Fig. 17A.,) that is an energy origin of 
a micro liquid droplet. Therefore, compared with the case described with reference to Figs. 13A 1 to 13A 3 through 13B 1 

20 to 13B 3 . a relative distance between the center of the discharge port 52 and the bubble disappearance position is 
longer. Thus, a meniscus surface rises a little as shown by an arrow A of Fig. 17B 1 in the vicinity of a wall surface of 
a discharge port taper portion (nozzle) by an impact of cavitation and a micro liquid droplet is hardly generated at the 
time of bubble disappearance. In addition, even if a micro liquid droplet is generated, since a taper is formed on the 
wall surface of the discharge port 52 and the discharge port 52 gets narrower toward its front, the micro liquid droplet 

25 collides against the wall surface of the discharge port taper portion, not being discharged to the outside of the discharge 
port 52. 

[0179] In this way, the micro liquid droplet never collides against the edge of the discharge port 52 and the ink 
accumulation is not formed on the external surface in the vicinity of the discharge port 52 in the recording head of this 
embodiment. Thus, as described with reference to Figs. 1 4A 1 to 14A 3 through 14B 1 to 14B 3 , the ink liquid droplet never 

30 contacts the ink accumulation to be attracted toward the ink accumulation by a surface tension when it is discharged 
from the discharge port 52. Therefore, since the ink liquid droplet discharged from the discharge port 52 flies steadily 
straight along the central axis of the discharge port as shown in Figs. 17A 2 and 17B2 as well as 17A 3 and 17B3, an 
arrival position of the ink liquid droplet is stabilized, whereby a grade of a recorded image can be kept high. Change 
of a printing grade with respect to an offset amount of the discharge port 52 in the direction of the common liquid 

35 chamber 54 is shown in Table 1 1 below. In the table, "D" indicates that wet twist is conspicuous, "C" indicates that wet 
twist is a little, "B° indicates that a grade is relatively good, and "A" indicates that a grade is, very good. 



Table 11 



Offset amount (\im) 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 


0 


Printing grade 


C 


B 


B 


A 


A 


A 


A 


A 


B 


C 


D 



[0180] From Table 11 , it is seen that wet twist is conspicuous when the position of the discharge port 52 is not offset 
but wet twist is receded as the offset amount of the discharge port 52 is increased and a very high grade printing is 

45 attained at the offset amount of 3 urn to 7 ujti. 

[0181] When an offset amount X (see Figs. 1 A to 1 C) of the center of the discharge port 52 with respect to the center 
of the electrothermal converting element 51 is smaller than 1 u.m, a velocity vector slanted to the inside of the pressure 
chamber 55 cannot be sufficiently given to the ink between the discharge port 52 and the bubble. In addition the ink 
on the discharge port side tends to collide against the electrothermal converting element 51 before the ink on the liquid 

50 chamber side reaches there. In this case, the colliding position of the ink on the discharge port 52 side is fixed and the 
electrothermal converting element 51 is susceptible to damages. As a result, durability becomes short. In addition, 
since the relative distance between the center of the discharge port 52 and the bubble disappearance position becomes 
short, it is highly likely that a micro liquid droplet generated at the time of bubble disappearance is discharged to the 
outside of the discharge port 52 without colliding against the wall surface of the discharge port taper portion. Then, an 

55 ink accumulation tends to be formed at the outer edge of the discharge port 52 and a discharge direction of a liquid 
droplet is susceptible to influence of the ink accumulation. On the other hand, when the offset amount X is larger than 
10 u.m, an acting direction of a discharge pressure at the time of bubbling may be slanted from the central axis of the 
discharge port 52 by a large degree and the discharge direction of the ink liquid droplet may deviate. Thus, this offset 
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amount X is preferably within the range of 1 urn < X < 10 u.m. 

[0182] In addition, more preferably, the offset amount X is from 3 u,m to 7 u.m. 

(Third embodiment) 

5 

[0183] Figs. 18A and 18B are schematic views showing a nozzle portion in accordance with a third embodiment of 
the ink jet recording head of the present invention. Fig. 18A is a plan view showing a discharge port forming member 
in perspective and Fig. 1 8B is a sectional view cut along the line 1 8B - 1 8B of Fig. 1 8A. In the figures, reference symbol 
C denotes a central line of an electrothermal converting element and G denotes a central line of an ink flow path. 

10 [0184] In the ink jet recording head of this embodiment, the ink flow path 83 is arranged such that its central line is 
located in a position offset from the central line of the electrothermal converting element 51 and the discharge port 52 
is arranged such that its center is located in a position offset by an offset amount Y in the direction of the central line 
of the ink flow path 83 that is on the ink flow path side from the center of the electrothermal converting element 51 . 
Since other configurations of the ink jet recording head of this embodiment are the same as those of the ink jet recording 

15 heads shown in the first and the second embodiments, detailed description of the configurations is omitted. 

[01 85] Figs. 1 and 1 9A 2 through 1 9C-, and 1 9C 2 show a bubble disappearance process of a bubble after an ink 
liquid droplet is discharged from the nozzle of the ink jet recording head shown in Figs. 18A and 18B in the order of 
Figs. 19A 1 and 19A2 through Figs. 19C, and 19C 2 . States shown in Figs. and 19Ag to Figs. 19C 1 and 19C 2 
corr spond to the states shown in Figs. 11 B to 11 D, respectively. 

20 [01 86] Figs. 1 9A n and 1 9A 2 show a state in which the bubble starts to contract after a maximum bubbling state. 

[0187] In this state, the ink between the discharge port 52 and the bubble is pulled by a negative pressure at the 
time of bubble disappearance of the bubble and takes a protruded shape toward the direction of the electrothermal 
converting element 51 . A velocity vector of the ink at this point points to a substantially vertical direction with respect 
to the electrothermal converting element 51 as shown by an arrow in the Fig. 19Ag. 

25 [0188] Figs. 1 9B-, and 1 9B 2 show a state in which the contraction of the bubble has further progressed. 

[0189] In a configuration of this embodiment, since the discharge port 52 is arranged relatively on the central line 
side of the ink flow path 83 than the electrothermal converting element 51 , the ink on the discharge port side between 
the discharge port 52 and the bubble is subject to a force pointing to the central line of the electrothermal converting 
element 51 from the central line of the ink flow path 83 in a process in which the bubble contracts. Thus, a velocity 

30 vector at the time when the bubble swells to be substantially the same size as the electrothermal converting element 
51 is not perpendicular to the electrothermal converting element 51 but inclines to the inside direction of the pressure 
chamber 55 as shown by an arrow in Fig. 19B 2 . As a result, even if the bubbling further progresses and is in a state 
shown in Figs. 190^ and 19C 2 , the bubble disappearance process ends without the ink on the discharge port side 
intensively colliding against a part of the electrothermal converting element 51 vertically. 

35 [0190] In addition, with a configuration in which the discharge port 52 is offset to the central line side of the ink flow 
path 83 as in this embodiment, a state described below can also be created in a system in which a moving direction 
of the ink on the discharge port side is not slanted to the inside of the pressure chamber 55 at the time of bubble 
disappearance. That is, since the center of gravity of the ink on the discharge port side gets close to the central line 
side of the ink flow path 83, a position where the ink on the discharge port side collides against the electrothermal 

40 converting element 51 at the time of bubble disappearance gets close to the common liquid chamber 54 side. Thus, 
timing of the ink on the liquid chamber side flowing from the common liquid chamber 54 side reaching the above- 
mentioned collision position of the ink on the discharge port side becomes earlier. As a result, the ink on the liquid 
chamber side flowing from the common liquid chamber 54 side covers the position where the ink on the discharge port 
side collides before the ink on the discharge port side reaches the electrothermal converting element 51 at the time of 

45 bubble disappearance. Thus, the ink on the discharge port side does not impact the electrothermal converting element 
51 and the electrothermal converting element 51 does not suffer damages. 

[0191] A state of the interaction between the ink on the discharge port side and the ink on the liquid chamber side 
in the bubble disappearance process in this case is substantially as shown in Figs. 15A to 15E and Figs. 16A to 16E. 
[0192] In addition, with a configuration in which the interaction between the ink on the discharge port side and the 

50 ink on the liquid chamber is strengthened at the time of bubble disappearance as in this embodiment, motion of the 
ink on he discharge port side becomes unstable in the first place. In a configuration in which the ink on the discharge 
port side collides against the electrothermal converting element 51 , a collision position becomes random. Thus, oc- 
currence of damages as in the case in which collision occurs in a specific portion every time the bubble disappearance 
is performed can be prevented. In this way, according to this embodiment, the electrothermal converting element 51 

55 does not receive a strong impact force in the bubble disappearance process and hardly suffers damages. As a result, 
it becomes possible to remarkably improve durability of the electrothermal converting element 51 . 
[0193] In addition, Figs. 20A.,, 20B 1f 20A 2 , 20B 2 , 20A 3 and 20B 3 show a situation in which an ink liquid droplet is 
discharged from the nozzle of the ink jet recording head shown in Figs. 18A and 18B in the order of Figs. 20A-, and 
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20B 1 through Figs. 20A 3 and 20B 3 . Further, Figs. 20A 1} 2OA2 and 20A 3 are plan views showing the discharge port 
forming member in a state in which it is looked through and Figs. 20B 1( 2OB2 and 20B 3 are sectional views cut along 
the lines 20B-, - 20B 1t 2OB2 - 2OB2 and 20Bs - 20B3 of Figs. 20A 1; 20A 2 and 20A 3 . In the figures, reference symbol M 
denotes a main droplet and S denotes a satellite, E denotes the central line of the discharge port, D denotes the bubble 
5 disappearance and A denotes the bubble disappearance area. 

[0194] Figs. 20A., and 20B 1 show a state immediately after a bubble generated on the electrothermal converting 
element 51 is disappeared. The main droplet and the satellite droplet following it are discharged from the discharge 
port 52 along the central axis of the discharge port 52. 

[0195] As described above, since the center of the discharge port 52 is offset on the center side of the ink flow path 
10 83 from the center of the electrothermal converting element 51 , the discharge port 52 is arranged in a position that is 
offset in a direction relatively more apart from the bubble disappearance area A (see Fig. 1 7A 1 ) that is an energy origin 
of a smaller liquid droplet than in the above-mentioned first embodiment. Therefore, compared with the case described 
with reference to Figs. 13A n to 13A3 through 13B n to 133^, a relative distance between the center of the discharge 
port 52 and the bubble disappearance position is longer. Thus, a meniscus surface is hardly subject to an impact of 
*5 cavitation and a micro liquid droplet is hardly generated at the time of bubble disappearance. In addition, even if a 
micro liquid droplet is generated, since a taper is formed on the wall surface of the discharge port 52 and the discharge 
port 52 gets narrower toward its front, the micro liquid droplet collides against the wall surface of the discharge port 
taper portion and is not discharged to the outside of the discharge port 52. 

[0196] In this way, the micro liquid droplet never collides against the edge of the discharge port 52 and the ink 
20 accumulation is not formed on the external surface in the vicinity of the discharge port 52 in the recording head of this 
embodiment. Thus, as described with reference to Figs. 14A., to 14A 3 through 14B 1 to 14B 3 , the ink liquid droplet never 
contacts the ink accumulation to be attracted toward the ink accumulation by a surface tension when it is discharged 
from the discharge port 52. Therefore, since the ink liquid droplet discharged from the discharge port 52 flies steadily 
straight along the central axis of the discharge port 52 as shown in Figs. 20A 2 and 20B 2 as well as 20A 3 and 20B 3 , an 
25 arrival position of the ink liquid droplet is stabilized, whereby a grade of a recorded image can be kept high. When an 
offs t amount Y (see Figs. 3Ato 3C) of the center of the discharge port 52 with respect to the center of the electrothermal 
converting element 51 is smallerthan 1 um, a velocity vector slanted to the inside of the pressure chamber 55 cannot 
be sufficiently given to the ink between the discharge port 52 and the bubble. On the other hand, if the offset amount 
Y is larger than 1 0 urn, an acting direction of a discharge pressure at the time of bubbling is slanted from the central 
30 axis of the discharge port 52 by a large degree and adversely affects the discharge direction of the ink liquid droplet. 
Thus, this offset amount Y is desirably within the range of 1 .um < Y < 1 0 urn. 

(Fourth embodiment) 

35 [0197] Figs. 21 A to 21 C are schematic views showing a nozzle portion in accordance with a fourth embodiment of 
the ink jet recording head of the present invention. Fig. 21 A is a plan view showing a discharge port forming member 
in a state in which it is looked through, Fig. 21 B is a sectional view cut along the line 21 B - 21 B of Fig. 21 A, and Fig. 
21C is a sectional view cut along the line 21 C - 21 C of Fig. 21 A. 

[0198] In the ink jet recording head of this embodiment, the ink flow path 83 is arranged such that its central line is 
40 located in a position offset from the central line of the electrothermal converting element 51 . In addition, the discharge 
port 52 is arranged such that its center is located in a position offset by an offset amount X in the direction from the 
center of the electrothermal converting element 51 to the common liquid chamber 54 and at the same time its center 
is located in a position offset by an offset amount Y to the direction of the central line of the ink flow path 83 from the 
center of the electrothermal converting element 51 . Since other configurations of the ink jet recording head of this 
45 embodiment are the same as those of the ink jet recording heads shown in the first to the third embodiments, detailed 
description of the configurations is omitted. 

[0199] As in the above-mentioned second and third embodiments, according to the configuration of this embodiment, 
at the time when the ink between the discharge port 52 and the bubble moves in the direction of the electrothermal 
converting element 51 following contraction at the time of bubble disappearance, it also has a velocity vector that is 
50 not perpendicular to the electrothermal converting element 51 but inclines to the inside direction of the pressure cham- 
ber 55. As a result, the bubble disappearance process ends without the ink intensively colliding against a position of 
a part of the electrothermal converting element 51 vertically. 

[0200] In addition, with a configuration in which the discharge port 52 is offset to the common liquid chamber 54 side 
as in this embodim nt, a state described below can also be created in a system in which a moving direction of the ink 
55 on the discharg port sid is not slanted to the inside of the pressure chamber 55 at the time of bubble disappearance. 
That is, since the cent r of gravity of the ink on the discharge port side gets close to the common liquid chamber 54 
side, a position where th ink on the discharge port side collides against the electrothermal converting elem nt 51 at 
the time of bubble disappearance gets close to the common liquid chamber 54 side. Thus, timing of the ink on the 
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liquid chamber side flowing from the common liquid chamb r 54 side reaching the above-mentioned collision position 
of the ink on the discharge port side becomes earlier. As a result, the ink on the liquid chamber side flowing from the 
common liquid chamber 54 side covers the position where the ink on the discharge port side collides before the ink on 
the discharge port side reaches the electrothermal converting element 51 at the time of bubble disappearance. Thus. 
5 the ink on the discharge port side does not impact the el .ctrothermal converting element 51 and the electrothermal 
converting element 51 does not suffer damages. 

[0201] In addition, with a configuration in which the interaction between the ink on the discharge port side and the 
ink on the liquid chamber is strengthened at the time of bubble disappearance as in this embodiment, motion of the 
ink on he discharge port side becomes unstable in the first place. In a configuration in which the ink on the discharge 
10 port side collides against the electrothermal converting element 51 , a collision position becomes random. Thus, oc- 
currence of damages as in the case in which collision occurs in a specific portion every time the bubble disappearance 
is performed can be prevented. 

[0202] Therefore, the electrothermal converting element 51 does not receive a strong impact force in the bubble 
disappearance process and hardly suffers damages. As a result, it becomes possible to remarkably improve durability 

15 of the electrothermal converting element 51 . 

[0203] In addition, since the center of the discharge port 52 is offset in the direction of the common liquid chamber 
54 direction from the center of the electrothermal converting element 51 , the discharge port 52 is arranged in a position 
that is offset in that direction relatively apart from the bubble disappearance area A (see Fig. 21 A) that is an energy 
origin of a micro liquid droplet. Therefore, compared with the case described with reference to Figs. 13A-, to 13A 3 

20 through 13Bi to 13B3, a relative distance between the center of the discharge port 52 and the bubble disappearance 
position is longer. Thus, a meniscus surface rises a little in the vicinity of a wall surface of a discharge port taper portion 
(nozzle) by an impact of cavitation and a micro liquid droplet is hardly generated at the time of bubble disappearance. 
In addition, even if a micro liquid droplet is generated, since the discharge port taper portion gets narrower toward the 
front in the discharge direction, the micro liquid droplet collides against the wall surface of the discharge port taper 

25 portion and is not discharged to the outside of the discharge port 52. 

[0204] In this way, the micro liquid droplet never collides against the edge of the discharge port 52 and the ink 
accumulation is not formed on the external surface in the vicinity of the discharge port 52 in the ink jet recording head 
of this embodiment. Thus, as described with reference to Figs. 14A., to 14A 3 through 14B n to 14B 3 ,theink liquid droplet 
never contacts the ink accumulation to be attracted toward the ink accumulation by a surface tension when it is dis- 

30 charged from the discharge port 52. Therefore, since the ink liquid droplet discharged from the discharge port 52 flies 
steadily straight along the central axis of the discharge port, an arrival position of the ink liquid droplet is stabilized, 
whereby a grade of a recorded image can be kept high. 

[0205] Further, in the case in which the discharge port 52 is offset in two directions as in this embodiment, when it 
is assumed that an offset amount of the center of the discharge port 52 from the center of the electrothermal converting 

35 element 51 is Z, the offset amount Z can be represented as Z = V (X 2 + Y 2 ). Therefore, if the offset amount Z is to be 
adjusted to the same degree as the offset amount of the second embodiment shown in Figs. 1 0A and 1 0B or the third 
embodiment shown in Figs. 18A and 18B, each of the offset amount X and Y shown in Figs. 21 A to 21 C becomes 
smaller than the offset amounts X and Y shown in the second embodiment or the third embodiment. Therefore, this 
embodiment has an advantage in that the velocity vector of the ink between the discharge port 52 and the bubble can 

40 be directed to the inside of the pressure chamber 55 as in the cases of the second and the third embodiments while 
keeping the offset amounts X and Y of the center of the discharge port 52 from the center of the electrothermal converting 
element 51 relatively small. 

(Fifth embodiment) 

45 

[0206] Figs. 22A and 22B are schematic views showing a nozzle portion in accordance with a fifth embodiment of 
the ink jet recording head of the present invention. Fig. 22A is a plan view showing a discharge port forming member 
in a state in which it is looked through and Fig. 22B is a sectional view cut along the line 22B - 22B of Fig. 22A. In the 
figures, reference symbol C denotes a central line of an electrothermal converting element (central line of a pressure 

so chamber) and G denotes a central line of an ink flow path. 

[0207] In the ink jet recording head of this embodiment, the ink flow path 83 is arranged such that its central line is 
located in a position offset from the central line of the electrothermal converting element 51 . In addition, the discharge 
port 52 is arranged such that its center is located in a position offset in the direction to the common liquid chamber 54 
from the center of the pressure chamber 55 and the electrothermal converting element 51 is arrange such that its 

55 center is located in a position offset in the direction to the inside of the pressure chamber 55 from the center of the 
pressure chamber 55. The relative positional relation between the discharge port 52 and the electrothermal converting 
element 51 in this embodiment is the same as that shown in Figs. 1 0A and 1 0B. A characteristic point of this embodiment 
resides in the fact that the center of the electrothermal converting element 51 is arranged offset with respect to the 
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center of the pressure chamber 55. Since other configurations of the ink jet recording head of this embodiment are the 
same as those of the ink jet recording heads shown in the second embodiment, detailed description of the configurations 
is omitted. 

[0208] In the configurations shown in Figs. 10A, 10B, 18A, 18B, 21A, 21B and 21C, when the offset amount of the 
5 center of the discharge port 52 with respect to the center of the pressure chamber 55 becomes excessively large, a 
flow resistance balance in the pressure chamber 55 is collapsed and a discharge direction of an ink liquid droplet tends 
to change or a bubble accumulation tends to be generated in the pressure chamber 55 because a dead space increases 
in the pressure chamber 55. Here, "bubble accumulation" means that bubbles formed by bubbles solved in ink gathering 
are held up. 

10 [0209] On the other hand, according to the configuration of this embodiment, the offset amount between the center 
of the discharge port 52 and the electrothermal converting element 51 can be set large while keeping the offset amount 
of the center of the discharge port 52 from the center of the pressure chamber 55 small. Thus, it is possible to sub- 
stantially eliminate a state in which the electrothermal converting element 51 is subject to a strong impact force and 
suffers damages in the bubble disappearance process while attaining appropriate maintenance in a discharge direction 

*5 of an ink droplet and suppression of a bubble accumulation in the pressure chamber 55. 

[0210] In addition, since the center of the discharge port 52 is offset in the direction of the common liquid chamber 
54 direction from the center of the electrothermal converting element 51 , the discharge port 52 is arranged in a position 
that is offset in the direction relatively apart from the bubble disappearance area that is an energy origin of a micro 
liquid droplet. Therefore, compared with the case described with reference to Figs. 13A 1 to 13A 3 through 13B n to I3B3, 

20 a relative distance between the center of the discharge port 52 and the bubble disappearance position is longer. Thus, 
a meniscus surface rises a little in the vicinity of a wall surface of a discharge port taper portion (nozzle) by an impact 
of cavitation and a micro liquid droplet is hardly generated at the time of bubble disappearance. In addition, even if a 
micro liquid droplet is generated, since the discharge port taper portion gets narrower toward the front of the discharge 
direction, the micro liquid droplet collides against the wall surface of the discharge port taper portion and is not dis- 

25 charged to the outside of the discharge port 52. 

[0211] In this way, the micro liquid droplet never collides against the edge of the discharge port 52 and the ink 
accumulation is not formed on the external surface in the vicinity of the discharge port 52 in the recording head of this 
embodiment. Thus, as described with reference to Figs. 14A 1 to 14A 3 through 14B 1 to 14B 3 , the ink droplet never 
contacts the ink accumulation to be attracted toward the ink accumulation by a surface tension when it is discharged 

30 from the discharge port 52. Therefore, since the ink droplet discharged from the discharge port 52 flies steadily straight 
along the central axis of the discharge port as shown in Figs. 17A 2 and 17B 2 as well as 17A 3 and 17B 3 , an arrival 
position of the ink droplet is stabilized, whereby a grade of a recorded image can be kept high. 
[0212] As a result, it becomes possible to remarkably improve durability of the electrothermal converting element 51 
while keeping a grade of a recorded image high. 

35 [0213] Further, a configuration to which this embodiment can be applied is not limited to the above. For example, in 
the configurations shown in Figs. 18A, 18B, 21 A, 21 B and 21 C, the center of the electrothermal converting element 
51 is offset from the center of the pressure chamber 55 in the direction opposite the direction from the center of the 
electrothermal converting element 51 to the center of the discharge port 52, whereby effects similar to those described 
in the above-mentioned embodiments can be realized. 

40 

(Sixth embodiment) 

[0214] Figs. 23A and 23B are schematic views showing a nozzle portion in accordance with a sixth embodiment of 
the ink jet recording head of the present invention. Fig. 23A is a plan view showing a discharge port forming member 
45 in a state in which it is looked through and Fig. 23B is a sectional view cut along the line 23B - 23B of Fig. 23A. In the 
figures, reference symbol C denotes a central line of an electrothermal converting element (central line of a pressure 
chamber) and G denotes a central line of an ink flow path. 

[0215] In the ink jet recording head of this embodiment, the ink flow path 83 is arranged such that its central line is 
located in a position offset from the central line of the electrothermal converting element 51 . In addition, the discharge 

so port 52 is arranged such that its center is located in a position offset by an offset amount X in the direction to the 
common liquid chamber 54 from the center of the pressure chamber 55. The discharge port 52 is provided with a taper 
on the side wall such that a cross section increases toward the inside of the pressure chamber 55. In Fig. 23A, the 
edge of the part of the discharge port 52 communicating to the pressure chamber 55, that is, a discharge port taper 
lower end 60 is shown by a broken line. As is apparent from the figure, in the ink jet recording head of this embodiment, 

55 the area occupied by the electrothermal converting element 51 is included in the area surrounded by the discharge 
port taper lower end 60 when it is viewed on a plane parallel to a plane of the pressure chamber 55 to which th 
discharge port 52 communicat s. Since other configurations of the ink jet recording head of this embodiment are the 
same as those of the ink jet recording heads shown in the first to the fifth embodiments, detailed description of the 



38 



?NSDOC!D- <E» 1 19641 AA2 I > 



EP 1 186 414 A2 



configurations is omitted. 

[0216] Next, states of ink and a bubble in a bubble disappearance process in this ink jet recording head will be 
described with reference to Figs. 24A to 24F and Figs. 25A to 25F. Figs. 24A to 24F and Figs. 25A to 25F show the 
bubble disappearance process in the order of Figs. 24A to 24F and Figs. 25A to 25F, respectively. Figs. 24A to 24F 
5 are plan views showing a discharge port forming member in a state in which it is looked through and Figs. 25 are 
sectional views cut along the ink flow path 83 direction. Figs. 24A to 24F and Figs. 25A to 25F show states at corre- 
sponding timings, respectively. Reference symbol C denotes an electrothermal converting element, G denotes a central 
line of an ink flow path and I denotes an ink droplet. 

[0217] Figs. 24A and 25A show a maximum bubbling state. Bubble disappearance is started from this state. Then, 
10 as shown in Figs. 24B and 25B, ink starts to flow in from the common liquid chamber 54 side and the ink on the 
discharge port side between the discharge port 52 and the bubble starts to move in the direction of the electrothermal 
converting element 51 . 

[0218] In this embodiment, since the discharge port 52 is arranged such that its center is offset more to the common 
liquid chamber 54 side than the center of the pressure chamber 55, the ink on the liquid chamber side covers a position 

15 where the ink on the discharge port side collides before the ink on the discharge port side reaches the electrothermal 
converting element 51 . Thus, the ink on the discharge port side does not collide against the electrothermal converting 
element 51 to join the ink on the common liquid chamber side. At this point, the ink on the discharge port side is easy 
to move in the central part of the discharge port 55 and the ink contacting the taper wall surface of the discharge port 
55 is hard to move. Thus, a force for causing a flow from the center of the discharge port 52 to the discharge port taper 

20 lower end 60, when it is viewed on a plane parallel to a surface to which the discharge port 52 communicates, acts on 
the ink depending on the ink on the discharge port side to join. Thus, as shown in Figs. 24D and 24E as well as Figs. 
25D and 25E, the bubble is pushed by the ink to be unevenly distributed in the inner side of the pressure chamber 55 
compared with the discharge port taper lower end 60 from the center of the discharge port 52 when it is viewed on a 
plane parallel to a surface to which the discharge port 52 communicates. Bubble disappearance occurs in this position, _ 

25 and the ink and the bubble are in a state shown in Figs. 24F and 25F. T . 
[0219] In this embodiment, the discharge port taper lower end 60 is positioned more outside than the electrothermal 
converting element 51 when it is viewed on a plane parallel to a surface to which the discharge port 52 communicates. ^ . 
Therefore, the bubble disappearance occurs in the outside of the electrothermal converting element 51 more surely. ... 
Thus, according to this embodiment, application of an impact to the electrothermal converting element 51 at the time 

30 of ink bubble disappearance can be prevented more surely and a durable life of the electrothermal converting element 
51 can be further extended. 

(Seventh embodiment) 

35 [0220] Figs. 26A and 26B are schematic views showing a nozzle portion in accordance with a seventh embodiment 
of the ink jet recording head of the present invention. Fig. 26A is a plan view showing a discharge port forming member 
in a state in which it is looked through and Fig. 26B is a sectional view cut along the line 26B - 26B of Fig. 26A. In the 
figures, reference symbol C denotes a central line of an electrothermal converting element and G denotes a central 
line of an ink flow path. 

40 [0221] The ink jet recording head of this embodiment is different from the configuration of the sixth embodiment in 
that the discharge port 52 has a rectangular shape long in the direction offset from the center of the electrothermal 
converting element 51 in the center of the discharge port 52. Since other configurations of the ink jet recording head 
of this embodiment are the same as those of the sixth embodiment, detailed description of the configurations is omitted. 
[0222] In the ink jet recording head of this embodiment, since the discharge port 52 has the above-mentioned shape, 

45 the ink jet recording head can be configured such that the discharge port taper lower end 60 encloses the electrothermal 
converting element 51 without making a taper angle 9 of the wall surface large. Thus, it becomes easy to form the 
discharge port 52. In addition, the size of the pressure chamber 55 can be made smaller. Therefore, it is possible to 
make an arrangement pitch of the discharge port 52 small and improve resolution. 

[0223] Further, in this embodiment, it is desirable to make a distance a and a distance p equal, which are a distance 
so from the end of the edge of the opening on the ink discharge surface side to the end of the electrothermal converting 
element 1 of the discharge port 52 viewed in the opposite direction of the offset direction of the discharge port 52 and 
a distance from the end of the edge of the opening on the ink discharge surface side of the ink discharge port 52 to 
the end of the electrothermal converting element viewed in the direction perpendicular to the offset direction of the 
discharge port 52, respectively. Thus, a minimum size of the taper angle G of the discharge port 55 will suffice. 
55 [0224] In addition, although the example in which the shape of the discharge port 52 is rectangular is shown in this 
embodiment, the shape may be elliptical or oval. 
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(Eighth embodiment) 

[0225] Figs. 27A to 27C are schematic views showing a nozzle portion in accordance with an eighth embodiment of 
the ink jet recording head of the present invention. Fig. 27A is a plan view showing a discharge port forming member 
5 in a state in which it is looked through, Fig. 27B is a sectional view cut along the line 27B - 27B of Fig. 27A, and Fig. 
27C is a sectional view cut along the line 27C - 27C of Fig. 27A. In the figures, reference symbol C denotes a central 
line of an electrothermal converting element and G denotes a central line of an ink flow path. 

[0226] The ink jet recording head of this embodiment is different from the configuration of the sixth embodiment in 
that the discharge port 52 has a rectangular shape long in the direction in which wiring 62 of the electrothermal con- 
10 verting element 51 is connected. Since other configurations of the ink jet recording head of this embodiment are the 
same as those of the sixth embodiment, detailed description of the configurations is omitted. 

[0227] According to this configuration, the connecting portion of the electrothermal converting element 51 and the 
wiring 62 can be positioned inside the area surrounded by the discharge port taper lower end 60. Therefore, it is 
possible to make it harder for an impact at the time of ink bubble disappearance to be applied to the connecting portion . 
is Usually, the connecting portion is relatively weak to an impact because there is physically a step between the wiring 
62 and the electrothermal converting element 51 . According to this embodiment, since it is possible to make an impact 
not to be applied to this portion weak to an impact, durability of this portion can be improved and electrical reliability 
of the ink jet recording head can be improved. 

[0228] Further, it is needless to mention that the shape of the discharge port 52 is not limited to rectangular and may 
20 be elliptical or oval. 

[0229] As described above, according to the present invention, an ink flow path is arranged such that its central line 
is positioned offset from a central line of an electrothermal converting element, whereby influence on the electrothermal 
converting element due to cavitation can be reduced. 

[0230] Moreover, an ink discharge port is arranged such that its center is positioned offset from the center of the 
25 el ctrothermal converting element, whereby ink between the discharge port and a bubble in a nozzle is controlled not 
to vertically collide against the electrothermal converting element at the time of bubble disappearance of the bubble, 
hence damage to the electrothermal converting element can be prevented to improve durability of the electrothermal 
converting element more remarkably 

[0231] In addition, a taper is provided on a discharge port wall surface in a manner that the cross section of the 
30 discharge port increases toward the pressure chamber side and the electrothermal converting element is positioned 

within an area surrounded by the edge of the opening on the pressure chamber side of the discharge port when it is 

viewed on a plane parallel to a connecting plane on the pressure chamber side of the discharge port, whereby it is 

possible to make bubble disappearance occur almost surely in an area outside the electrothermal converting element. 

Thus, the durability of the electrothermal converting element can be improved more remarkably. 
35 [0232] In addition, a width, a height and the like are changed and a flow resistance is made uniform for a plurality of 

nozzles with different lengths of the ink flow path, whereby it is possible to provide an ink jet recording head that can 

perform high grade image recording with less unevenness of density. 

[0233] As many apparently widely different embodiments of the present invention can be made without departing 
from the spirit and scope thereof, it is to be understood that the invention is not limited to the specific embodiments 

40 thereof except as defined in the appended claims. 

[0234] An ink jet recording head that is capable of avoiding damages due to cavitation of an electrothermal converting 
element and thus extending its life is provided. The ink jet recording head comprises a plurality of ink discharge ports 
for discharging ink; a plurality of electrothermal converting elements provided to be associated with each of the ink 
discharge ports, respectively, for bubbling and discharging the ink; a plurality of pressure chambers for containing the 

45 electrothermal converting elements and providing spaces for heating and bubbling the ink; a common liquid chamber 
for supplying ink to the plurality of pressure chambers: and a plurality of ink flow paths for communicating the pressure 
chambers with the common liquid chamber. The ink flow paths are arranged such that central lines in a direction of ink 
supply to the pressure chambers are positioned offset from central lines of the electrothermal converting elements in 
the same direction. 

.50 

Claims 

1. An ink jet recording head, comprising: 

55 

a plurality of ink discharge ports for discharging ink; 

a plurality of electroth rmal converting elements that are provided to be associated with each of said ink 
discharge ports, respectively, for bubbling and discharging the ink; 
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a plurality of pr ssure chambers for containing said electrothermal converting lements and providing spaces 
for heating and bubbling said ink; 

a common liquid chamber for supplying ink to said plurality of pressure chambers; and 
a plurality of ink flow paths for communicating said pressure chambers with said common liquid chamber, 
wherein said ink flow paths are arranged such that central lines in a direction of ink supply to said pressure 
chambers are positioned offset from central lines of said electrothermal converting elements in the same di- 
rection. 

2. An inkjet recording head according to claim 1 , wherein said pressure chamber has a substantially cylindrical shape. 

3. An ink jet recording head according to claim 1, wherein the center of said ink discharge port is arranged to be 
positioned offset from the center of said electrothermal converting element. 

4. An ink jet recording head according to claim 3, wherein the center of said ink discharge port is arranged to be 
is positioned offset to said ink flow path side from the center of said electrothermal converting element. 

5. An ink jet recording head according to claim 3, wherein an amount of said offset is 1 to 1 0 u.m. 

6. An ink jet recording head according to claim 5, wherein the amount of said offset is 3 to 10 u,m. 

20 

7. An ink jet recording head according to claim 3, wherein the center of said electrothermal converting element is 
arranged to be positioned offset from the center of said pressure chamber. 

8. An inkjet recording head according to claim 1 , wherein an area occupied by said electrothermal converting element 

25 js included in an area surrounded by an edge of a portion of said ink discharge port communicating to said pressure ... 

chamber when it is viewed on a plane parallel to a surface to which said ink discharge port communicates. » 

9. An ink jet recording head according to claim 8, wherein said ink discharge port is provided with a taper on a side 
wall such that a cross section area increases toward said pressure chamber side. 

30 

10. An inkjet recording head according to claim 9, wherein a distance from an edge of an opening on said ink discharge 
surface side of said ink discharge port to an edge of said electrothermal converting element is substantially equal 
at an arbitrary position in a part where the area occupied by said electrothermal converting element goes over the 
edge of the opening on said ink discharge surface side of said ink discharge port when it is viewed on a plane 

35 parallel to a surface of said pressure chamber to which said ink discharge port communicates. 

11. An ink jet recording head according to claim 8, wherein the center of said ink discharge port is arranged to be 
positioned offset from the center of said electrothermal converting element and said ink discharge port has a shape 
long in the direction offset from said electrothermal converting element. 

40 

12. An inkjet recording head according to claim 11, wherein said ink discharge port is rectangular. 

13. An ink jet recording head according to claim 11 , wherein said ink discharge port is elliptical. 

45 14. An ink jet recording head according to claim 11 , wherein said ink discharge port is oval. 

15. An ink jet recording head according to claim 8, wherein said ink discharge port has a shape long in the direction 
in which wiring for supplying electric power to said electrothermal converting element is connected. 

so 16. An ink jet recording head according to claim 15, wherein said ink discharge port is rectangular. 

17. An ink jet recording head according to claim 15, wherein said ink discharge port is elliptical. 

18. An inkjet r cording head according to claim 15, wherein said ink discharge port is oval. 



55 



19. An ink jet recording head according to claim 1 , wherein the offset direction of said ink flow path from the central 
line of said electroth rmal converting elem nt is th same for said plurality of ink flow paths arranged in one row. 
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20. An ink jet recording head according to claim 19, wh rein said ink flow path is formed in two rows side by side, 
opposingly on both sides of said common liquid chamber and the offset direction of said ink flow path belonging 
to said opposing ink flow path rows from the central line of said electrothermal converting element is line symmetry 
with respect to a line parallel with a row direction of said opposing ink flow path rows. 

5 

21. An ink jet recording head according to claim 1 , wherein flow resistances are substantially equal in said plurality of 
ink flow paths with different lengths. 

22. An ink jet recording head according to claim 21 , wherein a difference of the flow resistances in said plurality of ink 
10 flow paths is within 1 0%. 

23. An ink jet recording head according to claim 21 , wherein cross section areas of said plurality of ink flow paths with 
different lengths are different. 

is 24. An ink jet recording head according to claim 23, wherein widths of said plurality of ink flow paths with different 
lengths are different. 

25. An ink jet recording head according to claim 23, wherein heights of said plurality of ink flow paths with different 
lengths are different. 

20 

26. An ink jet recording head according to claim 21 , wherein a rib is provided in at least any one of said plurality of ink 
flow paths. 

27. An ink jet recording head according to claim 21 , wherein a flow resistance per a unit length of an area on said 
25 common liquid chamber side of said ink flow path is smaller than the flow resistance of an area on said discharge 

port side of said ink flow path. 

28. An ink jet recording head according to claim 21 , 

wherein said plurality of ink discharge ports are arranged offset in a printing direction. 

30 

29. A method of manufacturing the ink jet recording head as described in claim 21 , comprising the step of: 

finding a flow resistance R of said ink flow path by expressions shown blow and determining a shape of said 
ink flow path such that the flow resistances are equal in said plurality of ink flow paths based on the obtained 
35 flow resistance: 
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D(x) = 12.0 x f 0.33 + 1.02 x (^4 + 



where, 

x is a distance from said common liquid chamber; 

S(x) is a cross section area of said ink flow path in a position of the distance x; 
55 D(x) is a cross section coefficient of said ink flow path in the position of the distance x; 

a(x) is a height of said ink flow path in the position of th distance x; 
b(x) is a width of said ink flow path in the position of th distance x; and 
T| is an ink viscosity. 
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30. A method of manufacturing the ink jet recording head as described in claim 21 , comprising the st p of: 

finding the flow resistance R of said ink flow path by expressions shown below and determining a shape of 
said ink flow path such that the flow resistances are equal in said plurality of ink flow paths based on the 
obtained flow resistance: 



10 
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D(x„) = 1 2.0 x 0.33 + 1.02 x + 



where. 



k is the number of division of said ink flow path; 

xn is a distance to an nth divided position when said ink flow path is divided into k parts; 
25 S(xn) is a cross section area of said ink flow path in the position of the distance xn from the common liquid 

chamber; 

D(xn) is a cross section coefficient of said ink flow path in the position of the distance xn from the common 
liquid chamber; 

a(xn) is a height of said ink flow path in the position of the distance xn from the common liquid chamber; 
30 b(xn) is a width of said ink flow path in the position of the distance xn from the common liquid chamber; and 

T| is an ink viscosity. 

31. A method according to claim 29 or 30, wherein multiplications and additions are performed along a path in which 
a main flow of ink is generated and S(x), S(xn), D(x) and D(x) are obtained on a cross section perpendicular to 

35 the path. 

32. A method according to claim 31, wherein the multiplications and the additions are performed over said path from 
said common liquid chamber to the center of said electrothermal converting element. 

40 
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